THE 
AMERICAN NATURALIST 


LIII. November—December, 1919 


No. 629 


INHERITANCE OF WHITE-SPOTTING AND 
OTHER COLOR CHARACTERS IN CATS 


DR. P. W. WHITING 


FRANKLIN AND MARSHALL COLLEGE, LANCASTER, PA. 


In a previous paper’ I have presented data bearing on 
the general subject of the inheritance of coat-color in eats. 
The experiments at the University of Pennsylvania were 
still in progress when the paper was published and 


further results have since been obtained. Unfortunately ' 


an eczema infected the stock and the investigations were 
brought to an end by the death of several animals. It is 
thought advisable therefore to present the rest of the 
data in the present paper and to summarize results thus 
far obtained. 

Numbers denoting individuals or matings are inserted 
as in the previous paper for the purpose of cross ref- 
erence. In the genetic formule A’ denotes much-ticked ; 
A, little-ticked ; a,non-ticked; B’ denotes lined; B, striped; 
b, blotched; M, denotes intensely pigmented; m, maltese 
dilution; W denotes dominant solid white; w, color; Y de- 
notes yellow; y, black; Yy, tortoiseshell. Symbols are 
omitted when character was for any reason undetermined. 

A cream male (24) (b.m.w.Y) was crossed (48) to a 
solid-white yellow-eyed half sister (29) (W) from mating 
43 (a white male by an ‘‘anomalous”’ (Yy) cream female 
(23) mentioned below). There were produced one orange 
male (b.M.w.Y), and one cream female (b.m.w.Y). Both 


1 Whiting, P. W., ‘‘Inheritance of Coat-Color in Cats,’’ The Journal of 
Experimental Zoology, Vol. 25, No. 2, April, 1918. 
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had an extreme amount of white-spotting. The same 
male (24), when crossed (51) to his ‘‘anomalous’’ (Yy) 
cream mother, (23) (b.m.w.Yy), sired two cream females 
(b.m.w.Y). He was also crossed (53) to a black female, 
(32) (a.B.M), and sired one maltese male, (a.B.m.w.y) 
and four tortoiseshell females, (one a.B.M, one b.m, and 
two a.M). 

The progeny from the ‘‘anomalous”’ (Yy) cream female 
(23) by her cream son (24) now consists of four litters 
(41, 46, 50, and 51) containing two maltese males (yX 
—), one cream male (YX —) and four cream females 
(YX ?X). 

There are now in all eight matings of ‘‘yellow’’ male 
(YX —) by ‘‘black’’? female (yX yX) giving sixteen 
‘black’? males (yX —) and seventeen ‘‘tortoiseshell’’ 
females (YX yX). 

Dr. Charles Penrose, of Philadelphia, very kindly 
loaned his Caffer cat for crossing, a much-ticked lined 
male (21) (A’.B’.M.y) mentioned in the previous paper. 
A cross (52) made with an orange striped female (31) 
(B.M.Y), from mating 37 produced three tortoiseshell 
females,—a much-ticked lined (A’.B’.M.Yy), a lined with 
ticking’ present but with so much yellow that the exact 
degree was uncertain, (B’.M.Yy), a ticked of uncertain 
degree in which the banding was also uncertain on ac- 
count of admixture of black and yellow, (M.Yy). 

The same male (21), crossed (55) to an orange striped 
sister (33) (B.M.Y) of female 31, sired five orange lined 
males (B’.M.Y). 

The same male (21) crossed (54) to a tortoiseshell (28) 
(a.B.M.Yy) sired four lined non-yellow kittens,—two 
little-ticked males (A.B’.M.y), and two much-ticked 
females (A’.B’.M.y). 

The same male (21) crossed (56) to a blotched maltese 
tortoiseshell (13) (A.b.m.Yy) sired four lined orange 
males (B’.M.Y) and two lined tortoiseshell females 
(B’.M.Yy). 

When he was crossed (57) to a dilute tortoiseshell (34) 
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(a.b.m.yY), there were produced a lined orange male 
(B’M.Y) and a lined tortoiseshell female (B’.M.Yy). 

When he was crossed (58) to a tortoiseshell female 
(30) (a.B.M.Yy) he sired two orange lined males 
(B’.M.Y), one little-ticked, lined male (A.B’.M.y), and 
two lined females,—one tortoiseshell with so much yellow 
that degree of ticking could not be made out (B’.M.Yy), 
and one non-yellow with so much white that degree of 
ticking could not be made out (B’.M.y). 

The crosses of this Caffer cat are reciprocal to those 
summarized above, crosses of ‘‘yellow’’? males (YX —) 
by ‘‘black’’ (vyX yX) and by ‘‘tortoiseshell’? (YX yX) 
females. Here we have a ‘‘black’’ male (yX —) by ‘‘yel- 
low’? females (YX YX) giving five ‘‘yellow’’ males 
(YX —) and three ‘‘tortoiseshell’’ females (YX yX) and 
a ‘‘black’’ male (yX —) by ‘‘tortoiseshell’’ females (YX 
vX) giving three ‘‘black’’ males (yX —) and seven ‘‘yel- 
low’? males (YX —) and four ‘‘tortoiseshell’’ females 
(YX yX) and three ‘‘black’’ females (yX yX). It may 
be seen, therefore, that the principle of sex-linkage ap- 
plies in all these cases. 

The progeny of the Caffer cat (21) are of interest also 
from the point of view of ticking and banding. The es- 
sential characteristic of Caffer is the narrow banded or 
‘‘lined’’ condition. Banding of intermediate width, 
‘‘striping,’’ acts as a recessive as previously shown and 
the widest bands, ‘‘blotches,’’ are recessive to both 
‘‘lines’’ and ‘‘stripes.’’ The parents (18, 19) of this eat 
were both lined, but produced blotched offspring as well 
as lined. Evidently this eat (21) is the homozygous seg- 
regate, for twenty-four of his twenty-five offspring are 
certainly lined and in the other (52.3) there is so much 
white-spotting and so much intermixture of yellow and 
black in the pigmented areas that the condition of band- 
ing is uncertain. It is probable, however, that even in 
this case a wider type of bands,—stripes or blotches, 
would have been more easily seen. Of the females to 
which cat 21 was crossed, two (13, 34) were blotehed, and 
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the other four (28, 30, 31, 33) were striped but known to 
be carrying blotched. Lined is therefore dominant to 
both striped and blotched as previously stated. The re- 
sults thus far obtained do not demonstrate the allelomor- 
phism of the three types of banding. In order to do that 
it would be necessary to cross one of the offspring carry- 
ing striped (B’B) to blotched cats (bb). All kittens 
should be lined (B’b) or striped (Bb). If blotched oe- 
curred it would demonstrate that two loci were involved, 
Ll and Ss. Blotched would then be Il.ss, and the nomen- 
clature would have to be changed. 

The production of orange and tortoiseshell lined cats is 
of interest. They are as expected in every way com- 
parable to other oranges and tortoiseshells except for the 
narrower bands. | 

Results in regard to ticking may now be considered. In 
the previous paper a was used to denote lack of ticking; 
A, little-ticked or dark tabby; and dA’, much-ticked or 
light tabby. It now appears that there are two hered- 
itary grades of ticking previously grouped under A’ be- 
tween which there is a fairly wide difference. Compar- 
ison of kittens at birth or of adult cats makes the distine- 
tion clear. During growth intergradations appear for 
ticking increases with age as in rodents. A’ should 
therefore be divided into A’, extreme-ticking, and A”, 
much-ticking. Fully as much difference exists between 
A® and A” as between A” and 4. 

A blotehed male (11) crossed (14) with a black female 
(15) sired four blotched kittens, and a blotched female 
(14) crossed (31) with a lined little-ticked male (18) pro- 
duced one lined and three blotched offspring. The two 
blotched eats (11 and 14) were extremely-ticked, A’, as 
were also the eight kittens. A much-ticked, A”, Caffer 
female (19) when crossed (19) to the little-ticked, 4, 
Caffer male (18) produced one much-ticked (21) and 
three little-ticked. The much-ticked mother (19) and 
son (21) are very similar and contrast strongly with the 
extremely-ticked cats mentioned as well as with little- 
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ticked. With the exception of five kittens, the offspring 
of the much-ticked male (21) are useless for determining 
degree of ticking on account of the presence of yellow. 
Three kittens (58.2, 54.3, and 54.4) are little-ticked like 
their grandfather (18). Two kittens (54.1, 54.2) were 
much-ticked like their father and grandmother. The 
mothers of all of these kittens were non-ticked. The same 
degrees of ticking, A” and A, have been possessed by 
three generations. 

Skins illustrating the three types of ticking A’, 4”, and 
A are preserved for reference. 

The crosses summarized in the preceding paper and 
above may now be considered from the point of view of 
white-spotting. Solid-white acts as a complete dominant 
to other colors as shown in the previous paper. White- 
spotting as seen among eats in general grades all the way 
from solid-white to self. In individual fraternities, how- 
ever, it may show wide and clean segregation as the 
crosses below demonstrate. A ‘‘self’’ cat may have ¢ 
minute white spot on breast of belly or a few sparsely 
seattered white hairs. In this case it might be called 
near-self. Restricted spotting denotes white on nose, 
breast, belly, or feet. It segregates widely from near-self 
in the crosses here considered, but grades into moderate 
spotting, which denotes the further extension of white to 
sides of body as well. Moderate spotting in turn grades 
into considerable, which denotes more white than color. 
Extreme spotting denotes that pigment is limited to 
small spots on head, back, or tail. 

Crosses involving only self, restricted and moderate 
spotting, and solid-white may be considered first. 

A self male (18) crossed (19, 31) to two self females 
(19, 14) sired eight self. One of these self offspring (21) 
crossed (55) to a self female (33) sired five self. Self 
may therefore breed true. 

The first mentioned self male (18) crossed (28, 29) 
with two restricted spot females (10, 2) sired three self 
and four restricted spot. The other self male (21) 


478 THE AMERICAN NATURALIST (Vou. LIII 


crossed (54, 56) to two restricted spot females (28, 13) 
sired five self and five restricted spot. A restricted spot 
male (8) crossed twice (9, 30) to a self female (20) sired 
three self and seven restricted spot. A restricted spot 
female (3) crossed (16) to a self male (6) produced six 
self. Self by restricted spot therefore has produced sev- 
enteen self and sixteen restricted spot, the expectation 
if restricted spot is heterozygous. 

The restricted spot male (8) crossed (12, 33) to two 
restricted spot females (25, 3) sired one self, three re- 
stricted, and one moderate. This is in line with expecta- 
tion if spotting is dominant, the moderate in this case 
possibly representing the homozygote. 

The same restricted spot male (8) crossed (82). to a 
solid-white (22) sired two solid-white and two completely 
self. This is in line with the assumption that the white 
female was homozygous for self, ss, and heterozygous 
for color, Wa, or that spotting and white are both allelo- 
morphic with self and that she was carrying self. The 
male would then be ww, w! standing for restricted or 
moderate spotting. 

Crosses involving greater amounts of spotting may 
now be considered. 

The self male (21) crossed (52) to a considerable spot 
female (31) sired one self and two-considerable. When 
crossed (58) to a moderate spot (30) he sired three self 
and two considerable. These results show that consid- 
erable segregates from self and that a greater degree of 
spotting may be produced from a less by crossing to self. 
Modifiers are indicated. 

The same male was also crossed (57) to a considerable 
(34) and sired two restricted. In this case modifiers 
may have been assorted to produce restriction, but the 
female (34) was derived from a cross (34) of a consid- 
erable (24) by a restricted (3) each of which was known 
to earry self. She may therefore have been of composi- 
tion w"w'; w”, much spotting, being derived from her 
considerable parent and w', little spotting, from her re- 
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stricted parent. She could then produce restricted off- 
spring, w'w, when crossed to self. 

Offspring of self by spotted known to carry self are 
therefore twenty-one self and twenty spotted. 

The considerable spot male (24) was crossed to various 
spotted females known by these or other crosses to pro- 
duce self. With a restricted (3) he sired (34, 49) two 
self, one restricted, three moderate, and three consider- 
able. With a moderate (32) he sired (53) two self, one 
restricted, one moderate and one extreme. With a re- 
stricted (28) he sired (44) one self, one restricted, one 
moderate, and one considerable. With a moderate (30) 
he sired (45) two considerable and one extreme. With a 
restricted (13) he sired (47) two self, two considerable 
(one of which graded toward extreme), and one very ex- 
treme. This last cross is interesting for the offspring 
vary far in both directions from the parental types. 

Crosses of spotted by spotted when both carry self 
have produced twenty-three spotted to eight self which 
is very close to the three-to-one expectation. 

The considerable spot male (24) above mentioned when 
crossed (41, 46, 50, 51) to his considerable spot mother 
(23) sired five considerable and two restricted, the segre- 
gation being striking through failure of any moderates 
to appear. This is in line with the supposition that the 
mother (23) was carrying little spotting and was there- 
fore of composition w”w'. The cross might therefore be 
X = 5(w™w™, or + 2(w'w). 

The same male (24) (w™”w) was crossed (48) to a solid- 
~ white half sister (29) from the same mother (23) (w™w’) 

by a white male (W?). There were produced two ex- 
treme spot. The white female (29) may therefore have 
been Ww" and the extreme spot offspring ww”. 

The failure of anything higher than restricted spot- 
ting to occur among the offspring of restricted by self, 
although cats with considerable may carry self, indicates 

-that there may be allelomorphic factors determining 
different degrees of spotting. In any ease it appears 
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that self is recessive to spotting and that color is re- 
cessive to solid-white. The principle is suggested that 
there is a quadruple allelomorphice series:—W, solid- 
white; w”, much spotted; w', little spotted; and w, self, 
with dominance in the degree of decreasing pigmenta- 
tion. Crosses of white to self and of spotted to self would 
be of value in checking this principle. Any one white cat 
might throw besides white either much spotted, little 
spotted, or self; a much spotted might throw besides 
much, either little or self, and little should throw little 
or little and self. If three distinct types were produced 
from any one white or spotted cat crossed to numerous 
self cats, this would demonstrate modifiers of consider- 
able importance or disprove the hypothesis of allelomor- 
phism suggested. 

Attention should be called to an interesting but unex- 
plained relation that exists between vellow- and white- 
spotting. ‘‘Self’’ tortoiseshells have vellow hairs closely 
intermixed with non-vellow. This makes it very difficult 
to determine degree of ticking in such animals. Tortoise- 
shells with restricted white-spotting tend to have vellow 
separated into patches, while further extension of white 
separates vellow and non-yellow areas still more. Sep- 
aration of yellow into patches appears not to be corre- 
lated with amount of vellow. 


GENERAL SuMMARY OF INHERITANCE OF Coat-CoLor IN 
Cats 

It may be of interest to summarize very briefly the 
genetic data thus far collected on coat-eolor in eats. 
Ratios are not significant since fraternities from homo- 
zygous dominants and _ heterozygotes are included 
together. 

Maltese dilution, m, is presumably a simple recessive 
to intensity, M. Intense by intense have produced 41 in- 
tense. Intense by dilute have produced 37 intense and 23 
dilute. Dilute by dilute have produced 18 dilute. 
Solid-white, WV, evidently acts as a simple dominant 
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over color,w. It is true-breeding in the hands of fanciers. 
White by color (amount of white-spotting undetermined) 
have produced 3 white and 4 colored (one near-self). 
Table I shows summaries for white and white-spotting 
of determined degree. It is obvious that although exten- 


TABLE I 


Offspring 
Parents. | Extreme Consider- Moderate Restricted Self or 
hite,| Spotting, able Spot- Spotting Spotting, Near-self, 

E ting, C M R S 
wxw. 3 1 
WXC.. 1 2 
WxR. 7 2 
Cx... 5 2 
CXM. 2 2 1 1 2 
CXR. 1 6 t 2 
Spotted Xspotted 3 13 6 8 8 
Spotted X self... 4 18 21 
13 


sively pigmented animals appear among the offspring of 
eats showing much white there is little tendency for a 
kitten to show more white than appears in either parent. 

Table II gives a summary of the results thus far col- 


TABLE II 


Offspring 
Parents Black Yellow Tortoiseshell 

Yellow X black Doneaster...... 51 13 1 
Whiting .......| 16 : ee 17 
Black & X yellow 9 Doncaster...... 20 16 
Whiting 5 3 
_ Total. .... | 19 
Yellow o X tortoiseshell Q Doncaster 45 6| 58) 8&8 1 45 
Whiting. . 3 3 4 4 
Black X tortoiseshell Q Doncaster 32 | 15 37 |21 
3/3) 7 4 

- Yellow X yellow 2 Doncaster... . 48 40 3 fromone pair 
Yellow X yellow no. 23........ 3 1 4 1 
Black X yellow? no. 23.........' 1 2 
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lected in reference to the inheritance of yellow. Don- 
caster’s? summaries from fancy breeders and from 
Little’s data are given, kittens of undetermined sex being 
omitted. The three tortoiseshell females from one pair 
of Doneaster’s yellow by yellow may be readily explained 
if it be supposed that the mother was an extreme yellow 
variant of the heterozygote Yy, comparable with my 
cream female number 23. Anomalous black females may 
be similarly heterozygous. Anomalous blacks and tor- 
toiseshells are to be expected from anomalous yellow 
females. Anomalous offspring are recorded in italics in 
Table IL. 

As regards banding, certain creams and blacks could 
not be classified and are consequently omitted from the 
summaries. Lined by lined have given 2 lined and 2 
blotched. Lined by striped have given 17 lined and 2 
striped. Lined by blotched have given 12 lined and 4 
blotched. Striped by blotched have given 19 striped and 
8 blotched. Blotched by blotched have given 4 blotched. 

As regards ticking, it is necessary to omit all yellows 
and many tortoiseshells, as well as some with much white. 
Extremely-ticked by little-ticked have given 4 extremely- 
ticked. Extremely-ticked by black have given 4 ex- 
tremely-ticked. Much-ticked by little-ticked have given 
1 much-ticked and 3 little-ticked. Much-ticked by black 
have given 2 much-ticked and 3 little-ticked. Little-ticked 
by little-ticked have given 5 little-ticked and 1 black. 
Little-ticked by black have given 7 little-ticked. 

2 Doncaster, L., ‘On Sex-limited Inheritance in Cats, and Its Bearing on 


the Sex-limited Transmission of Certain Human Abnormalities,’’ Journal 
of Genetics, June, 1913. 


SOME HABITAT RESPONSES OF THE LARGE 
WATER-STRIDER, GERRIS REMIGIS 
SAY. II 


Cc. F. CURTIS RILEY 
Tue New York StatTe COLLEGE OF FORESTRY AT 
Syracuse UNIvErsIty, SyrRAcusE, New York 


IV. Description oF AND EXPERIMENTS IN CONNECTION 
witH Brook Hapsitat aT SYRACUSE 


1. Description of Habitat—Some further experimen- 
tal work, much like that which previously has been con- 
sidered, was done near a small, rapid stream (Figs. 4, 5), 
approximately 4.5 miles southwest of Syracuse, New 
York, in the late summer of 1918. The stream flows in an 
easterly direction, into Onondaga Creek, its source being 
a spring in the hills, forming the western side of Onon- 
daga Valley. Water-striders, Gerris remigis, are com- 
mon in certain situations on the surface of this brook 
(Figs. 4,5). The water in the stream is clear, and its 
channel contains silt, gravel, small and large rocks. 
There is little rooted aquatic vegetation growing along 
the greater part of its course. At certain places the 
current is quite rapid, but even at those points where it 
is swiftest, there are small areas of quieter water, pro- 
tected by rocks, or points of land jutting out into the 
stream. In such situations (Fig. 4) are found water- 
striders, singly and in small groups of two, three, or 
four individuals. Occasionally there is a short reach of 
quieter water, sometimes protected by trees (Fig. 5), on 
the surface of which water-striders are found in small 
numbers. Near the headwaters there is a large pool, 
formed mainly by an artificial dam, and this is separated 
into two parts by the decaying trunk of a large fallen 
tree. Chara grows rankly and in great mats in the pool. 
On its surface water-striders live in large numbers (Fig. 
483 
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6). At this place, I have captured gerrids by the hun- 
dreds. I have examined this pool and the immediate 
vicinity for two successive seasons and I am convinced 
that they breed here from vear to vear. They undoubt- 
edly hibernate, in large numbers, along the shores of 


Fic. 4. Detail of small, rapid brook near Syracuse, showing spring” conditions 
(May). Arrow indicates direction of current. a, areas of quieter water, formed 
by points of land, jutting out into the stream. Water-striders, Gerris remigis, 
are found, in small numbers, in such situations. (Original. Whitney.) 


this pool. In fact I have found a few of them hibernat- 
ing in interstices where the shore slightly overhangs 
the water, and also among dead leaves and other vegeta- 
tion at points from a few inches to three yards away 
from the pool (Fig. 6). 

2, Methods.—The experiments were performed on the 
shore of the pool, which is a large one for such a smali 
brook. The dimensions of this body of water are ap- 
proximately 55 x 17 « 2.5 feet. The shore, where the 
experimental work was done, is flat and its surface is only 
a few inches higher than that of the water (Fig. 6). Back 
of this flat area, a little more than three vards away from 
the pool, there is a hill with a moderate slope. Only 
those experiments will be considered here that were car- 
ried far enough to evince fairly definite results. The 
water-striders used in these experiments were taken 
directly from the surface of the pool. Different indi- 
viduals were used in each experiment. All these experi- 
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ments were carried on at Syracuse in the afternoon, at 
which time there was considerable reflection of the rays 
of the sun from the surface of the water. 

3. Responses When Facing Away from Pool.—The first 
set of experiments deals with gerrids that were placed 
on the ground one yard away from the margin of the 


Fic. 5. Detail of small, rapid brook near Syracuse, showing spring conditions 


(May). a, reach of quieter water, protected by trees; water-striders, Gerris 
remigis, are found in small numbers in such situations. (Original. Whitney.) 


water. The heads of the gerrids were pointed directly 
away from the pool. In general, the responses of the 
water-striders, in those experiments performed under 
like conditions, showed much similarity. Therefore, I 
give a condensed account of several typical experiments. 

Experiment VI.—The water-strider is placed on the ground. It imme- 
diately turns and faces the pool, and at once begins to jump toward the 
water. While the gerrid does not turn away from the pool, it jumps 
toward it slowly. Thirty seconds after being placed on the ground, the 
insect is back on the surface of the pool.- 

Experiment VII.—After being placed on the ground, the gerrid turns 
toward the pool, and jumps in the direction of the water for a distance 
of one foot. During one of the jumps, the body is so oriented that the 
head is turned away from the pool. The water-strider continues to 
jump, but is now moving away from the water. It proceeds in the 
same direction until it reaches a point four yards away from the pooi 


ND 
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and part way up the side of the slope. This gerrid is observed for ten 
minutes and is still jumping away from the water. 

Experiment VIII.—This water-strider jumps away from the water for 
a distance of five inches. It now turns directly to the right, which posi- 
tion places the long axis of the body parallel with the margin of the 
pool. I am not sure whether this turn is due to the body striking 
against some object during a jump, or whether the water-strider makes 
the turn as a result of some other stimulus. The gerrid jumps and 
walks parallel with the margin of the pool for a distance of two yards. 
In a few seconds it turns a little more to the right, so that it is now 


Fic. 6. Detail of large pool at headwaters of small, rapid brook near Syra- 
cuse, showing spring conditions (May). Chara grows in great abundance in this 
pool. a, surface of pool on which water-striders, Gerris remigis, are found in 
large numbers; b, vegetation and dead leaves among which water-striders hiber- 
nate; ¢, overhanging shore of pool in interstices of which water-striders hiber- 


nate; d, shore of pool where experiments were performed; e, artificial dam built 
of concrete. (Original. Whitney.) 


jumping obliquely toward the water. The insect continues to move in 
the same direction until it reaches the pool. This gerrid is back on the 
surface-film of the water in twenty-five seconds after the experiment 
began. 

Experiment IX.—The water-strider is placed on the ground and it 
immediately turns to the left, thus placing the long axis of the body 
parallel with the margin of the pool. The creature jumps straight ahead 
for a few inches, and then turns obliquely toward the water. It moves 
along rapidly and soon attains the surface-film. This gerrid reaches 
ihe pool in twenty-five seconds from the time it first was placed on the 
eround. 

Experiment X.—This water-strider at onee turns in such a manner 


é 
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that the longitudinal axis of the body is placed parallel with the margin 
of the pool. The gerrid walks for five inches in a path parallel with the 
shore of the pool. It now turns so that its head points away from the 
water, and jumps in that direction for two feet. The insect again 
turns, this time the head being directed toward the water, but it walks 
in that direction for two inches only. It turns to the left, thus again 
placing the body parallel with the margin of the pool. The gerrid 
jumps straight ahead for four feet, and again turns directly toward the 
water, jumping rapidly along a practically straight path until it reaches 
the pool. The creature is back again on the surface of the pool in forty 
seconds after the experiment began. This water-strider was active from 
the time it was placed on the ground until it reached the water. 

Experiment XI.—The gerrid walks away from the water for a distance 
of two inches. It then turns to the left and jumps along a path parallel 
with the margin of the water for four inches. The insect now makes a 
turn of ninety degrees, so that its head is directed toward the pool, and 
jumps rapidly to the water. In fourteen seconds after being placed 
on the ground, the gerrid is striding back and forth on the surface of 
ihe pool. 

In these experiments I have condensed the statements 
in such a manner as to give prominence to the factors of 
time and direction. With reference to these particular 
elements, the experiments are typical of many others 
recorded in my field notes. It is evident that a large 
majority of the gerrids get back safely to the water, only 
one out of the six failing to do so. This was tlie indi- 
vidual used in Experiment VII. A large number of ex- 
periments furnish similar results. Although there were 
a number ‘of random and trial movements, the water- 
striders returned to the pool with a fair degree of prompt- 
ness. The total amount of time consumed ,by all the 
gerrids was 12 minutes and 14 seconds. The average 
time taken to reach the water was 2 minutes and 24 see- 
onds. Omitting Experiment VII, the total amount of 
time necessary for all the gerrids to get back into the 
pool was 2 minutes and 14 seconds. With this experi- 
ment omitted, the average time consumed in reaching the 
water was 264 seconds. These results are indicated in 
Table I. The results of two other sets of experiments 
are indicated in Table IT and Table IIT. Attention is 
directed to the similarity in the records of the three series 
of experiments as expressed in the tables. 
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TABLE I 
Time CONSUMED BY WATER-STRIDERS IN REACHING WATER FROM DISTANCE 
OF 1 YARD 


Experiments 
Heads Directed Away from Water Time Consumed Responses 
Number of Experiment Minutes Seconds Successes | Failures 
0 30 + ‘ 
Vil. 10 0 
Vill 0 25 + 
0 25 + 
0 40 + 
0 14 + 
Totals, omitting experiment VII........ 2 14 5 0 
Averages, omitting experiment VII..... 0 264 1 0 


TABLE II 


TIME CONSUMED BY WATER-STRIDERS IN REACHING WATER FROM DISTANCE 


or 1 YARD 
Experiments 
Heads Directed Away from Water Time Consumed Responses 
Number of Experiment Minutes Seconds Successes Failures 

0 28 + 
| 0 35 


4, Responses When Facing Pool.—A condensed state- 
ment will be given now of experiments in which the 
heads of the water-striders were turned toward the pool. 
As before, the gerrids were placed one yard away from 
the water. Special attention again was directed to the 
factors of time and direction. 

Experiment XXX.—The water-strider jumps three inches directly 
toward the water. It then turns to the right, jumping parallel with 
the margin of the pool for one foot. The gerrid again turns slightly to 
the right, being now in a position oblique to the pool, and continues 
jumping away from the water for two feet. The insect turns to the left, 
so that its head points obliquely toward the pool, and jumps in a 


— 
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TABLE TIT 
TIME CONSUMED BY WATER-STRIDERS IN REACHING WATER FROM DISTANCE 
oF 1 YARD 


Experiments 


Heads Directed Away from Water | Time Consumed | Responses 
Number of Experiment Minutes Seconds | Successes Failures 
Totals, omitting experiment XXVI..... 2 30} 5 0 
_ Averages, omitting experiment XXVI... 0 30. 1 0 


straight path until it reaches the water. This water-strider consumed 
twenty-five seconds in making tle journey to the pool. 

Experiment XXXI.—This gerrid jumps in a zigzag course toward 
the water, arriving on the surface-film of the pool in ten seconds from 
the time it was first placed on the ground. 

Experiment XXXII—The water-strider moves toward the pool, 
jumping in a direction slightly oblique to its margin and gaining the 
water-film in twelve seconds. 

Experiment XX XIII.—The path taken at first, by this water-strider, 
is toward the pool, but after jumping for a distance of four inches in 
that direction, it turns obliquely to the right, still jumping toward the 
water. The gerrid is back on the surface of the pool in eleven seconds 
from the time it was placed on the ground. 

Experiment XXXIV.—This hemipteron takes a position so that the 
body is slightly oblique with reference to the margin of the pool. The 
gerrid jumps along a straight path toward the water for two feet. It 
now turns so that the long axis of the body is parallel with the margin 
of the pool. It jumps straight ahead for one yard, when it turns toward 
the water, arriving at the pool in ninety seconds. 

Experiment XXXV.—This gerrid turns to the right, as soon as it is 
placed on the ground, and jumps for a distance of two feet in a direc- 
tion parallel with the margin of the pool. It then makes a turn of 
ninety degrees to the left, thus pointing its head directly toward the 
water. The creature jumps in this direction until it reaches the pool, 
twelve seconds after the experiment began. 


The results evinced in these experiments are typical 
of the results obtained in many others not recorded 
here, except a few which are indicated by tables. It is 
noticed that the water-striders reached the pool much 
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more promptly than was the case when they were placed 
on the ground with their heads directed away from 
the water. All the gerrids reached the water—as was 
generally the case in many other experiments of a simi- 
lar character—with but a limited number of random 
movements. The only prominent exception to this was 
the gerrid used in Experiment XXXIV. Usually, there 
were one or two individuals that displayed this lack of 
promptness. All the gerrids employed in the six experi- 
ments consumed a total amount of time of 2 minutes 
and 40 seconds. The average amount of time necessary 
to return to the pool was 26% seconds. If Experiment 
XXXIV _ should be omitted, it is evident that the total 
amount of time consumed by five water-striders in reach- 
ing the pool was 1 minute and 10 seconds. The omission 
of this experiment reduces the average time, consumed in 
reaching the water, to fourteen seconds. These results 


TABLE IV 


TIME CONSUMED BY WATER-STRIDERS IN REACHING WATER FROM DISTANCE 
OF 1 YARD 


Experiments 


Heads Directed Toward Water Time Consumed Responses 


Number of Experiment Minutes Seconds Successes Failures 
Totals, omitting experiment XXXIV... 1 10 5 
Averages, omitting experiment XXXIV. 0 14 1 


are shown in Table IV. The results of other experi- 
ments of a similar character are indicated in Table V 
and Table VI. 

5. Responses When Parallel With Pool.—Some experi- 
ments were performed with water-striders having the 
long axis of the body parallel with the margin of the 
pool. In all other respects, the conditions were similar 
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TABLE V 
TIME CONSUMED BY WATER-STRIDERS IN REACHING WATER FROM DISTANCE 
OF 1 YARD 
Experiments 
Heads Directed Toward Water Time Consumed Responses 
Number of Experiment Minutes Seconds Successes | Failures 
TABLE VI 
TIME CONSUMED BY WATER-STRIDERS IN REACHING WATER FROM DISTANCE 
OF 1 YARD 
Experiments 
Heads Directed Toward Water Time Consumed * Responses 
Number of Experiment Minutes | Seconds Successes Failures 
| 
0 13 | 
0 77 | + | 
LIII. . 0 2 | + | 
LIV.. 0 14 + | 
LV.. 0 12 
LVI. 0 16 + 


to those when the heads were directed toward and when 
they were directed away from the pool. The results were 
much like those evinced in Table II, except that the time 
consumed in reaching the water was slightly greater in 
the majority of cases. There was a little less prompt- 
ness, perhaps, in moving toward the water and a greater 
number of trial directions. Occasionally a gerrid did not 
reach the pool at all. 

6. Responses When Not Oriented with Reference to 
Pool.—A number of other simple experiments were 
carried out near the large pool in the brook previously 
mentioned (Fig. 6). In these the water-striders were 
not oriented with reference to the position of the pool at 
the beginning of each experiment. Forty gerrids just 
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captured from the surface-film were put into a small 
wooden box. This was taken to the place where the 
other experiments were performed (Fig. 6). It was then 
inverted and all the water-striders carefully shaken out 
on to the ground one vard away from the water. It was 
of course impossible to watch in detail every gerrid, but 
it was possible to observe how many of the hemipterons 
reached the water. The majority of them were back on 
the surface-film within fifteen seconds after being placed 
on the ground. All but two individuals had reached the 
water within thirty-five seconds after the experiment 
began. At the end of one minute of time all the gerrids 
were on the surface of the pool. Sometimes a water- 
strider was not successful in reaching the pool. These 
statements are fairly typical of the results of many other 
similar experiments. 

A series of experiments of a similar character was 
undertaken in which the gerrids were placed on the 
ground three yards away from the pool. As in the ex- 
periments one vard away from the water, the hemipterons 
found the surface of the pool with reasonable promptness 
and directness. The greater number reached the water 
within forty seconds from the time that they touched the 
surface of the ground. In the majority of these experi- 
ments, all the water-striders were back on the surface of 
the pool, 2 minutes and 5 seconds later. In each of two 
different trials, out of a total of six, there were two 
gerrids that jumped away from the pool and had not 
reached the water at the time my observations were dis- 
continued. I believe that vision was the chief factor em- 
ploved in directing the gerrids to the water in the 
experiments when forty individuals were used at each 
trial. 

T have not yet observed the results of placing the water- 
striders on the ground in large numbers farther away 
from the pool than three vards. Nor have I made any 
trials, either in the vicinity of Urbana or Syracuse, with 
the gerrids for a greater distance from the water than 
four vards. 
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V. Discussion or OpservatTioNs AT WHITE HEatH 


1. Initial Locomotor Responses.—It is an interesting 
fact that, just previous to the drying up of the pool, in 
which the water-striders were living, there were no re- 
sponses on the part of the gerrids which indicated any 
attempt to escape from the unfavorable surroundings. 
Not until the water had disappeared entirely was there 
any tendency to leave the place. Soon after it became 
dry the water-striders began to move away from the site 
of the former pool. What the immediate stimulus was, it 
is difficult to say. A change in the physiological condi- 
tion of the body, which might have been induced by the 
drying up of the pool, would be sufficient to account for 
the locomotor responses. Whatever the stimulus was, the 
gerrids began to walk and jump away in different diree- 
tions. But as Jennings (1906, pp. 284, 285) has pointed 
out: 

Often . . . movement in a certain direction is due only to the release 
of inhibition. The organism moves in the given direction because it is 
moving from internal impulse, and because movement in this direction is 
not prevented. This possibility must be considered in all eases. 


Therefore, it is not always necessary to assume that 
movement is due to some very recent external stimulation. 
Whatever the explanation may be, the water-striders 
moved off in the direction in which their heads were 
pointed. They continued along the same line of progress 
until they arrived at some obstacle in their pathway. 
Such an obstacle might be a lump of dried’ mud, a stone, 
or a piece of driftwood. Then they usually turned to the 
right or left, as the case might be, thus being deflected 
from their former direction of movement. They con- 
tinued along the new path until they were deflected again, 
in a new direction. | 

2. Role of Trial and Error.—Such responses as previ- 
ously have been described occurred again and again. 
The various objects in the path of the water-striders 
served as stimuli to turn the gerrids aside and swerve 
them in another direction. First they tried one line of 
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progression and then they tried another. As Holmes 
(1916, pp. 157, 158) has said: 

Where there is “error,” the organism tries again, and keeps on doing 

so until it attains ultimate success. 
This statement does not mean that all achieve success, 
nor does it necessarily mean that the organism possesses 
any conscious appreciation of means to an end. Cer- 
tainly, I do not consider that water-striders have such an 
appreciation. Frequently, on coming in contact with 
such obstacles, as have been mentioned, the gerrids came 
to rest with the side or sides of the body closely applied 
to the object. This was due to their thigmotactie procliv- 
ities. They remained in such positions for varying 
lengths of time and then moved forward again, but 
usually the direction of progression was changed. | Occa- 
sionally, they remained motionless in such situations 
until the time set for me to discontinue my field observa- 
tions for that particular day. Sometimes individuals 
erawled under lumps of dried mud, under pieces of drift- 
wood, or among dead leaves. On a few occasions, a few 
gerrids jumped into large cracks in the baked mud of the 
stream bed. Water-striders getting into such _ places, 
occasionally remained there, but I never have been able 
to find them the day following the observation. 

It already has been stated that some of the gerrids 
reached the larger pool of water some distance down- 
stream, and attention also has been directed to the fact 
that on several other occasions, when water-striders had 
been trapped in stream pools, some of their number were 
successful in reaching other bodies of water in the imme- 
diate vicinity. I have not observed that gerrids ever 
were succesful in finding another body of water that was 
situated farther away than fourteen yards. In none of 
these cases that have come under my observation, have | 
been able to see that there was any definite response, on 
the part of the gerrids, to another body of water per se. 
In many instances, the locomotor movements of the water- 
striders, in so far as their final goal was concerned, have 
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proved to be lacking in definiteness, precision, and in 
direction of response. Their locomotor movements were 
very awkward and they stumbled along the route in a 
very blundering fashion. Their method, if it can be 
ealled such, of reaching the water seemed to be entirely 
one of chance. They might blunder on to a pool of water 
in the vicinity or they might not. They frequently took 
the wrong direction and made many mistakes. A better 
way, perhaps, to express my thought, is to state that these 
gerrids pass from the site of a former pool to another 
body of water by a blundering method of trial and error. 
As Holmes (1916, p. 158) well has said: 


The method is round about and expensive, but it is better than 
nothing. It is Nature’s way of blundering into success. 

It is not improbable that the method of trial and error 
forms a large part of the habitat responses of arthropods. 
It is certainly true that a number of writers have been 
impressed with the prevalence of behavior of such a 
character among the members of this group. Among 
others, this is evident from the work of Bohn (1903) in 
connection with hermit crabs. Holmes (1905, p. 106) in 
describing the behavior of the blow-fly larva, with refer- 
ence to light, makes the following statement: 


It may be said to be a form of the trial and error method minus the 
element of learning by experience. 


Writing of the trial and error method in the conduct 
of lower animals, Holmes (1905, p. 108) states that: 
The lives of most insects, crustaceans, . . . and hosts of lower inver- 


tebrate forms, . . . show an amount of busy exploration that in many 
cases far exceeds that made by any higher animal. 


In this connection the following general statements are 
of great interest, as they show the importance that is 
now attached to such a method of conduct among inverte- 
brates: Holmes (1905, pp. 107, 108) points out that: 


The réle played by the trial and error method in the behavior of the 
lower organisms has, as yet, elicited but little comment, owing probably 
to the fact that attention has been centered more upon other features 
of their behavior. It may have been considered by some investigators as 
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too obvious for remark since any one who attentively observes the con- 
duct of almost any of the lower animals for ten minutes can scarcely 
fail to see the method exemplified. 


Jennings’ (1906, pp. 246, 247), also, directs attention to 
this form of behavior in the following words: 


In most if not all other invertebrates there occur many “ trial move- 
ments” similar to those already described. In many recent accounts of 
the behavior of other invertebrates little mention, it is true, will be 
found of such movements. This is apparently because attention has 
been directed by current theories to other features of the behavior, and 
the trial movements have been considered of no consequence. Often an 
attentive reading of papers on “ tropisms,” ete., will reveal parenthetical 
mention of various “ disordered’? movements, turnings to one side and 
the other, and other irregularities, which disturb the even tenor of the 
“tropism,” and are looked upon for some reason as without significance 
and not requiring explanation. Further, one often finds in such papers 
accounts of movements which are clearly of the “trial” character, yet 
are not recognized as such by the author, on the watch only for “ tro- 
pisms.” In the earlier literature of animal behavior, before the preva- 
lenee of the recent hard-and-fast theories, one finds the trial movements 
fully recognized and described in detail... . 

Unprejudiced observation of most invertebrates will show that they 
perform many movements which have no fixed relation to sources of 
external stimuli, but which do serve to test the surroundings and thus 
to guide the animal... . 4 \s Holmes (1905) has recently pointed out, 
in a most excellent paper, this is really a matter of common observation 
on all sorts of animals. The fact that sueh movements are not em ha- 
sized by writers on animal behavior is evidently due to their bein’ | n- 


sidered without significance. 

In a number of recent papers the importance of trial mover. s in 
behavior has been more explicitly recognized. .. . 

I have made a statement about a final goal, but I do not 
intend to convey the idea, in any way, that these insects 
are endowed with even the smallest amount of prevision, 
nor do I wish to be understood as assuming that because 
of certain perception, on the part of the water-striders, of 
the exigencies of the case, they therefore responded with 
a special form of behavior suitable to meet the difficulties 
of the situation. But, on the other hand, I wish to present 
the thought that these gerrids, in moving away from their 
former haunts, may or may not come upon another body 
of water, if there is one in the vicinity, and that this hap- 
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pens not because of any direct or definite response or re- 
sponses to the body of water per se, but rather is due 
more to the fact that many of their locomotor responses 
are spontaneous ones, modified frequently as to direction 
and speed, mainly, by contact stimulus, many of these 
movements probably being due not to some very recent 
stimulus or stimuli which have any direct relation to the 
body of water, but that they, more probably, are due, as 
Jennings (1906, p. 285) suggests, 

to the simple outflow of the stored-up energy of the organism through 
the channels provided by its structure. 


3. Role of Moisture.—Undoubtedly it is true that water- 
striders, Gerris remigis, are sensitive and responsive to 
moisture. The fact that the greater portion of their lives 
is passed on the surface-film of brooks and streams would 
seem to be sufficiently indicative of this. Then, also, the 
ability to find their way back to the stream in the spring, 
having left it in the fall, frequently from distances of 
three and four yards, and sometimes from greater dis- 
tances, after passing several months in hibernation, is 
further indication that they are sensitive to some stimulus 
or stimuli, the response to which results in bringing them 
back to the water. 

That the migration of these gerrids from the site of a 
former pool to another body of water is mainly an expres- 
sion of hydrotropism, according to the manner in which 
that form of response is usually interpreted, I believe to 
be extremely doubtful. However, it is-not my intention 
to assert that moisture does not play an important réle in 
the economy of these water-striders. But I do not be- 
lieve that the movements of the gerrids in the dry bed of 
the brook afford any definite indication that they are 
direct responses to moisture. It is very improbable that, 
during severe droughts and high temperatures, moisture, 
diffusing through the atmosphere, from such compara- 
tively small bodies of water (dimensions 3 yds. x 2 yds. 
< 5 in. and in several instances smaller than this) as 
already have been indicated, impinged on the bodies of 
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the hemipterons in any manner that would be effective in 
producing definite responses to the source of this mois- 
ture, as for example positive responses, resulting in the 
water-striders wandering toward the pool. This is the 
more improbable when it is recalled that the gerrids were 
ten yards away from the water, and in other instances, 
not recorded in detail in this paper, they were evere far- 
ther away than this, eleven, twelve and fourteen yards 
distant. I also have observed their responses in the dry 
bed of a stream, when there were pools of water at a less 
distance than ten vards apart. 

In this connection it may be of interest to quote a state- 
ment from Weiss (1914, p. 33) : 


Wingless forms of Gerris marginatus, which is quite common through- 
out New Jersey, when removed from a pond containing some three 
thousand square feet of water and liberated at distances of one, two, 
three, four, five, six, seven, eight, and nine yards from the water, imme- 
diately made their way back to the water without hesitaney. Of course 
their movements, which consisted of a series of jumps, were more or less 
clumsy, but all started in the right direction even though purposely 
headed the wrong way. 

When liberated at a distance of ten yards, they had some slight trouble 
in getting their bearings, but after making several false starts, finally 
wound up by going in the direction of the water. At a distance of 
fifteen yards, a longer time and more moving around were required 
before the right direction was located. At thirty and forty yards away, 
they seemed to lose their bearings completely and moved aimlessly about 
in all directions. Even at the end of an hour they were no nearer the 
water. 

The observations of Weiss were of responses of water- 
striders under experimental conditions and not observa- 
tions of their responses under the natural conditions of 
their own environment undisturbed by any extraneous 
stimulus, as was the case of my observations. However, 
it is pertinent to direct attention to certain facts in con- 
nection with his experiments. It is evident that the re- 
sponses of Gerris marginatus, especially those individuals 
that were placed on the ground seven, eight, and nine 
yards away from the water, differ from those of Gerris 
remigis. Members of this species do not make their way 
to water, from such distances, with the promptness and 
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definiteness recorded in the experiments of Weiss with 
individuals of Gerris marginatus. I infer from the little 
description recorded, that the responses of individuals of 
the same species, when placed on the ground ten yards 
away from the water, were more of the character of those 
of Gerris remigis at such a distance from a pool of water. 
While I have not observed gerrids of this species make 
their way to a body of water quite so far away as fifteen 
yards distant, as did Weiss in some of his experiments 
with Gerris marginatus, yet I am not prepared to state 
that they can not do so. However, if they are able to find 
water at such a distance, I believe that the achievement 
is one purely of chance, or the result of a blundering sort 
of trial and error. On one occasion, I observed individ- 
uals of Gerris remigis leave the site of a former pool in 
the bed of a stream and although I watched them for an 
entire afternoon, only one, out of a group of thirty, had 
reached an isolated pool fourteen yards distant, when I 
discontinued my observations at dusk. On another occa- 
sion, six water-striders only, out of a group of forty indi- 
viduals, were successful in finding a body of water four- 
teen vards from the site of the pool in which they for- 
merly had lived. I would expect, from my own observa- 
tions of Gerris remigis, the responses of apterous Gerris 
marginatus, at distances of thirty and forty yards, to be 
much as described by Weiss, although I have recorded no 
observations of the responses of gerrids at such distances 
from water. 

I believe that alate individuals of Gerris marginatus, 
during migration by flight, find bodies of water mainly 
through the sense of vision, as is probably true in the 
case of many different species of aquatic Hemiptera, a 
subject to which Kirkaldy (1899, p. 110) and other writers 
have directed attention. Recent work on phototaxis— 
(Holmes, 1905a), (Holmes, 1907, pp. 160, 161), (Cole, 1907, 
pp. 382-388), (Hssenberg, 1915, p. 400), and (Riley, MS.) 
_—has demonstrated that many species of aquatic bugs 
respond positively to light. Benacus and Belostoma re- 
spond to light during migration. In the fall of 1908, at 
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Mankato, Minnesota, a few hundred yards from a large 
swamp, near the confines of the city, I observed them for 
several nights, as they flew in great swarms, around the 
globes of the street are lights. On the ground, within a 
radius of thirty to fifty feet of certain of the lights, were 
thousands of these aquatie bugs, both alive and dead. On 
several occasions, it was possible, in thirty minutes of 
time, to fill a half bushel measure with the insects. In 
the fall of 1915, at Milwaukee, Wisconsin, in the vicinity 
of Lake Park, between the Milwaukee River and the west 
shore of Lake Michigan, I observed several occurrences 
similar to those just deseribed. In these instances, the 
aquatie bugs were not present in quite such large num- 
bers as in the former cases. The point of importance 
here is, of course, the fact that members of the two 
groups, Benacus and Belostoma, respond positively to 
light during migration. Comstock and Comstock (1895, 
p. 182) refer to somewhat similar responses. All these 
facts add still more emphasis to the probability that 
alate gerrids, when migrating, locate streams and stand- 
ing water by means of vision. It should be recalled that 
such bodies of water are effective reflecting surfaces. 
However, it is quite possible that both alate and apterous 
individuals of Gerris marginatus are responsive to mois- 
ture at greater distances than is the case with apterous 
members of Gerris remigis. If this should prove to be 
the case, it would be of assistance to the gerrids in find- 
ing bodies of water. Further, it must be recalled that the 
pond to which Weiss directs attention covered an area of 
3,000 square feet, while the pools of water to which I refer 
were very small in size. 

It is probably true that many arthropods respond 
readily to moisture. But there is not a great deal of ex- 
perimental evidence recorded in the literature, treating 
of the behavior of members of the group, that presents 
definite information bearing on the particular phase of 
the subject under discussion. The experimental work 
that proved to be most nearly related to the form of be- 
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havior under consideration was found in a paper by 
Drzewina (1908) on the hydrotropism of crabs, Carcinus 
menas. Because of the character of this work, I shall 
refer to it and quote from it at some length. This writer 
makes a careful analysis of the responses of these crusta- 
ceans to the sea. She noticed that when one of the crabs 
was placed on the beach that it oriented itself and moved 
toward the sea, even at a distance of 100 meters. Her 
statement (1908, pp. 1009-1010) follows: 


Parmi les réactions du Carcinus maenas que j’ai eu Voeeasion d’étudier 
pendant mon séjour au laboratoire maritime de Tatihou et a la station 
biologique d’Areachon, une des plus frappantes est l’orientation du 
Crabe dans son habitat naturel. C’est un fait d’observation banal qu’un 
Carcinus déposé sur la plage se dirige aussit6t du cdté de la mer, celle-ci 
pouvant étre distante de plus de 100 métres. Il m’a paru intéressant de 
déterminer les facteurs qui influencent cette orientation particuliére. 


Her observations seem to prove that both orientation to 
and direction of movement toward the sea were not due 
to responses to light, to the sight of the sea, to the wind, 
or to gravity, but on the other hand were due to the mois- 
ture given off by the sea. Observations were made every 
day for more than a month, at different times of the day, 
both in bright sunlight and also in cloudy weather. These 
facts are brought out in the following quotation (1908, 
p. 1010) : 


J’ai pu montrer que ni la lumiére, ni la “vue” de la mer, ni la diree- 
tion du vent n’interviennent dans ce phénoméne. J’ai fait des expéri- 
ences, et j’ai obtenu des résultats identiques, aux différentes heures de la 
matinée et de l’aprés-midi, avee un soleil vif ou sous un ceil couvert; 
les Carcinus dont les yeux ont été noircis ou sectionnés se comportaient 
i ce point de vue comme des Crabes normaux. Comme mes expériences 
ont été faites tous les jours pendant plus d’un mois, j’ai eu le vent 
venant soit de la terre, soit de la mer, soufflant dans diverses directions, 
vent trés fort, ou faible, ou nul, ce qui ne modifiait pas sensiblement le 
sens de l’orientation des animaux; bien entendu, quand se vent était fort, 
il pouvait aecélérer ou arréter les mouvements des Crabes. 

En ce qui concerne l’inclinaison de la plage, celle-ci exerce bien une 
influence sur les mouvements du Carcinus, qui, souvent, se laisse en- 

‘trainer par elle et suit, dans la descente, la ligne de la plus grande 
pente; mais ce n’est pas elle qui le guide dans son orientation par rap- 
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port.a la mer. J’ai pu en effet montrer, en faisant marcher des Crabes 
sur des pentes creusées artificiellement et diversement inclinées, que ces 
animaux peuvent tout aussi bien descendre que monter les pentes dans 
leur “ fuite” vers la mer. 

Aprés avoir éliminé suecessivement divers facteurs, je me suis arrétée 
i cette hypothése: les Crabes se dirigent du cdté de la mer attirés par 
Vhumidité dégagée par celle-ci; il y aurait hydrotropisme. 

Drzewina noticed the character of the behavior of the 
erabs after a heavy rain. The peculiarity of this behavior 
seemed to present additional evidence that the movements 
of the crustaceans, previously mentioned were responses 
to the moisture from the sea. At such a time the ground 
was very moist. Therefore there was no longer a sharp 
contrast between the land and the sea, with respect to the 
amount of water vapor given off by each. The crabs did 
not go directly toward the sea; but some of them moved 
obliquely to the right and to the left; others followed a 
zigzag course, parallel to the sea; while still others climbed 
a slope and proceeded in a direction opposite from the 
sea. I will record these very interesting observations in 
her own words (1908, p. 1010) : 


Plusieurs faits que j’ai observés viennent 4 l’appui de cette hypothése. 
Aprés une pluie abondante, le sol étant humide, quand on dépose les 
Crabes sur da pente sableuse, ils ne se dirigent pas directement vers la 
mer, comme ils le font d’habitude, mais ils vont d’une facon queleonque: 
les uns obliquent a droite ou a gauche, d’autres vont en zigzaguant 
parallélement & la mer, d’autres enfin remontent la pente, dans le sens 
opposé & la mer. I] est évident que dans le eas présent, comme il n’y a 
plus de contraste assez net entre la mer et la terre, celle-ci dégageant 
également de la vapeur d’eau, l’orientation des Crabes se fait d’une 
facon de la queleonque. 

This observer found that, when a crab was placed in 
front of a kind of dyke, which at low tide separated two 
bodies of water, the animal did not respond by moving 
toward either body of water, but, instead, it took an inter- 
mediate direction, and walked toward the dyke. She 
recorded these facts as follows (1908, pp. 1010, 1011) : 

Voici un autre fait intéressant au point de vue de l’hydrotropisme: 
Je dépose un Crabe en face d’une sorte de digue qui, 4 mer basse, sépare 
deux masses d’eau s’éntendant 4 droite et A gauche. Le Crabe est attiré 
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i la fois par l'une et par l’autre; il prend une direction intermediaire et 
va vers la digue au lieu d’aller vers une des bandes d’eau. 

The responses of crabs living in shallow water differed 
from the responses of those living in deeper water. When 
the former were placed on the beach, they displayed a 
very definite hydrotropism, but the latter, under similar 
experimental conditions, evinced no such definiteness of 
response. Drzewina considered such responses to be 
adaptive in character. She seems to infer that the char- 
acter of the behavior, already acquired, must be taken into 
consideration in the interpretation of their present re- 
sponses. These observations are described by her as 
follows (1908, p. 1011): 

Quand on prend le méme Crabe dans divers habitats, on s’aper¢oit 
que son orientation est adaptée aux conditions dans lesquelles il vit et 
quelle correspond aux habitudes qwil a pu aequérir dans le cours de 
son développement. Les Crabes de hauts niveaux, ayant a subir de 
courtes périodes de submersion alternant avee les périodes d’émersion, 
e’est-a-dire de dessiceation relative, sont trés sensibles aux contrastes de 
Vhumidité et de la secheresse et, déposés sur la plage, manifestent un 
hydrotropisme trés net. Mais les Carcinus des niveaux plus bas, pris 
sur fond vaseux se comportent autrement: déposés sur la plage, ils se 
dispersent dans toutes les directions, devient facilement, et, surtout, se 
terrent constamment; d’une maniére générale ils sont lents, peu sensibles 
aux contrastes de l’ombre et de la lumiére. 

4, Role of Vision.—On the several oceasions that I have 
observed the drying up of isolated stream pools, having 
on their surfaces trapped Gerris remigis, I have watched 
carefully in order to detect whether the sense of sight was 
the principal factor in aiding these aquatic bugs to find 
other bodies of water. The role played, directly, by 
vision, is probably not of immediate importance during 
their responses in this connection, except in those in- 
stances when the ground is flat and level and the gerrids 
are comparatively close to the water. There are various 
obstacles that modify the possibilities of such an explana- 
tion. If there are two or more bodies of water in the im- 
mediate vicinity, it has been observed that the gerrids 
are just as likely to move toward the farthest one, as they 


504 THE AMERICAN NATURALIST [Vou. LIT 


are to move toward the nearest one. If vision were the 
main factor in assisting the hemipterons in finding pools 
of water, they would be expected to go to the nearest one 
first. Another fact against the idea of vision being the 
chief influence in guiding these insects to water is that the 
dry channels of the streams, where I have made my ob- 
servations, frequently have very rough and uneven sur- 
faces, with small boulders, stones, lumps of baked mud, 
pieces of driftwood, and clumps of dead leaves scattered 
along them. When the small size of these insects and the 
nearness of their eves to the surface of the ground are 
both taken into consideration, it becomes very evident 
that the various objects that have been enumerated must 
obstruct the view of the water-striders in a very serious 
fashion. Then again, sometimes the nearest pool was 
around a bend in the stream, away from the gerrids, thus 
making it impossible to be seen by them at a distance. 
With reference to the experiments of Weiss (1914, p. 
33) it is probable that sight was an important factor in 
directing the gerrids to the water, especially over the 
shorter distances, one to six yards inclusive. On a bright, 
sunny day, it is evident that the glistening and reflective 
qualities of a body of water must be factors of importance 
in attracting these aquatic hemipterons. It must be re- 
ealled that the pond to which Weiss refers was a body of 
water extending over an area of 3,000 square feet in ex- 
tent while the pools to which I have referred were pro- 
portionately insignificant in size. If there was a gradual 
slope to the shore of this pond and if the ground, where 
the experiments of Weiss were performed, had a smooth 
surface free of obstructions to the view, all this should be 
in favor of the idea that vision was the important factor 
in directing the water-striders back again to the pond. 
However, the local physical conditions are not described. 
Certain experiments of Drzewina (1908) are, perhaps, 
worthy of mention in this general connection. This 
writer found, in her observations on the hydrotropism of 
erabs, that these animals responded positively, and with 
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considerable precision, to the moisture given off from the 
sea. However, in other experiments with crabs she con- 
sidered that the past life of the crustaceans and the char- 
acter of the behavior, already acquired, must be taken into 
consideration, in the interpretation of their present re- 
sponses. Crabs, living in deep water, among rocks cov- 
ered with alge and beaten by the waves, when placed on 
the sand, in the vicinity of the sea, did not evince definite 
hydrotropic movements, but, on the other hand, their re- 
sponses were of a very different character. The factor, 
in these responses, of importance to the present discus- 
sion is that of sight. Vision, apparently, played a promi- 
nent role in determining the direction of movement of the 
erabs. Drzewina (1908, p. 1011) has given a rather full 
statement concerning these facts: 


Les Carcinus de la zone basse de Fucus serratus, pris & une pointe 
rocheuse (Gatteville), ott ils vivent cramponnés parmi les rochers 
couverts d’algues et battus par les flots, se comportent encore autre- 
ment: laches sur du sable, au voisinage de la mer, au lieu de descendre 
vers celle-ci, ils se dirigent immédiatement, en ligne droite, vers des 
rochers couverts d’algues, ces rochers pouvant etre sitties a plusieurs 
métres de distance latéralement 4 droite, & gauche, ou a la limite d’eau, 
ou méme dans le sens opposé a la mer. Et ceci, quelle que soit la diree- 
tion du vent et du soleil. Ces mémes Crabes, déposés sur du sable clair, 
légérement humide, ott, par places, se trouvent disséminées des taches 
sombres de Fucus, se dirigent vers ces taches. Jamais je n’ai pu con- 
stater, avee ces Crabes, d’orientation directe par rapport 4 la mer, mais 
toujours une attraction trés prononecée exercée soit par des rochers, soit 
par des touffes d’algues, par des surfaces d’ombre, en un mot. 

Ces quelques faits montrent combien il est important, dans l’inter- 
prétation des réactions, de tenir compte du passé de l’animal et des 
“habitudes ” que celui-ci a pu eréer. Dans ’hydrotropisme du Carcinus 
maenas, l’intervention des habitudes est des plus manifestes. 

(To be concluded) 
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I 


In a discussion of Liebig’s law of the minimum (Hooker, 
17), proof was given of the existence of an integrating 
principle which, as Adams (718, p. 481) points out, is 
equivalent to Bancroft’s law, so called because Bancroft 
(711) was the first to indicate the application of Le Cha- 
telier’s theorem to biology. In fact, if it be admitted that 
organisms are systems in equilibrium, it follows that they 
obey the theorem of Le Chatelier. Bancroft’s formula- 
tion of the law is ‘‘that a system tends to change so as to 
minimize an external disturbance.’’ But this statement 
is so broad that it fails to convey the full significance of 
the theorem and apparently has led to some confusion. 
It therefore seems advisable to give a detailed discussion 
of the theorem of Le Chatelier in its application to biol- 
ogy and more particularly to point out its relation to 
other biological principles. 

‘*Tt will be perceived,’’ says Troland (717, p. 325), 
‘‘that the demand ... is not for new biological facts, 
but for physico-chemical conceptions in terms of which a 
chaos of biological facts, already at hand, can be ex- 
plained or systematized.’’ 

Findlay (704, p. 56) defines the theorem of Le Chatelier 
as follows: 

If a system in equilibrium is subjected to a constraint by which the 
equilibrium is shifted, a reaction takes place which opposes the con- 


straint, 7. e., one by which its effect is partially annulled. ... In all 
eases, Whenever changes in the external condition of a system in equi- 
librium are produced, processes also occur within the system which tend 


to counteract the effect of the external changes. 
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Let us consider, by way of example, a simple case of a 
system of three phases, namely, ice, water and water- 
vapor, in equilibrium with respect to temperature and 
pressure. This system can exist only at 0° C. and at 
atmospheric pressure. If heat is withdrawn from the 
system and the pressure and volume are kept constant, 
a part of the water freezes to ice and the temperature is 
maintained by the latent heat of fusion. Since the for- 
mation of ice would increase the volume and therefore 
raise the pressure, a certain amount of vapor condenses 
to water. If heat is added to the system, changes take 
place in the reverse direction. Similar changes occur 
when the pressure is altered at constant temperature. In 
general (Findley, ’04, pp. 56, 57), ‘‘so long as the three 
phases are present, no change in the temperature or 
pressure of the system can occur, but only changes in the 
relative amounts of the phases; that is to say, the effect 
on the system of change in the external conditions is op- 
posed by the reactions or changes which take place within 
the system (p. 60). If the specific volumes of the phases 
are known and the sign of the heat effects which accom- 
pany the transformation of one phase into the other, it is 
possible to predict (by means of the theorem of Le Cha- 
telier) the changes which will be produced in the system 
by alterations of the pressure and temperature. ... It 
should be noted that all three phases are involved in the 
change.’’ 

It is evident that these remarks apply in detail to the 
behavior of living organisms. The system in equilibrium 
is the organism. The external condition of the system is 
the environment. The constraint by which the equilib- 
rium is shifted is the stimulus. The reaction that op- 
poses the constraint and partially annuls its effect is the 
response of the irritable mechanism. 

A stimulus is generally considered to be any change in 
the relation between the organism and a factor of its en- 
vironment, but no response occurs unless the change be 
one by which the equilibrium is shifted, to effeet which it 
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must be, (a) of a magnitude sufficient to overcome the 
inertia of the system, that is it must be a liminal stimulus 
and (b) it must relate to a limiting factor of assimila- 
tion) ef. Hooker, ’17, p. 204). Furthermore, the change 
in the relation between the organism and a factor of its 
environment may be produced either by a change in the 
environment, 7. e., it is heterotrophic, or by a change in 
the organism, 7. e., it is autotrophic, or by changes in 
both. 

The response is characterized by the facts that (a) its 
nature and direction are determined by the stimulus but 
(b) the energy is supplied by processes that occur within 
the system; in other words the stimulus releases the 
response. Thus in the ice-water-vapor system when heat 
is withdrawn, this is supplied by the latent heat of fusion 
of ice. In this simple system there is a direct relation 
between the amount of heat withdrawn and the amount 
supplied. Such a relation does not exist in the behavior 
of organisms, nor should we expect it in such complicated 
systems. A wealth of examples illustrating the applica- 
tion of the theorem of Le Chatelier to the behavior of 
plants and animals will be found in Bancroft’s article 
(717). A brief discussion of the integrating character 
of development, evolution and biotic succession has been 
made elsewhere (Hooker, 717) and supplies illustrations 
of these principles. It will be sufficient to reiterate here 
that cells, organs and groups of organisms form systems 
as well as the single organism. Correlations and mor- 
phogenic responses are therefore conditioned in accord- 
ance with the theorem of Le Chatelier, and it is unneces- 
sary to postulate the existence of hypothetical inhibiting 
substances to account for the normal behavior of parts. 

Inasmuch as the reaction of a system is directed ac- 
cording to the ‘theorem of Le Chatelier, every system in 
equilibrium is teleological. The means that produce the 
reaction are directed to a definite end, to overcome the 
constraint, and the reaction might be said to take place 
in order that the system may be preserved. This is evi- 
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dently the source of the ‘‘purposefulness,’’ that has occa- 
sioned endless biological discussion. The living organ- 
ism, however, is teleological only to the same extent as 
the ice-water-vapor system. 

These being the facts, the essential problem that con- 
fronts us is a study of the physical and chemical aspects 
of the equilibrium under the influence of a complex of 
environmental factors. There must exist some degree of 
correspondence between this equilibrium and the en- 
vironment. Comparative morphological structure is evi- 
dence of this and the same must obtain of chemical com- 
position. The task before us is not so much to ascertain 
the ‘‘function’’ of any particular substance or element, 
as to acquire a knowledge of the equilibrium as a whole, 
for it is only in relation to the other constituents that the 
function of any one compound can be understood. The 
need is consequently for a more detailed knowledge of 
the interrelationships of the chemical constituents and 
for determinations of how these relationships are altered 
by changes in the organism itself. This can probably be 
carried out more readily with plants, but the problem 
demands more comprehensive analyses than any that 
have hitherto been made. Investigations with these 
points in view are now under way and the remarks in this 
paper will serve as an introduction to them. A knowl- 
edge of the conditions governing the change from one 
phase to another within the organic system is a necessary 
prerequisite to a more complete understanding of organic 
equilibria. For the discussion of Le Chatelier’s theorem 
has shown, that in any reaction all the phases are in- 
volved, and if the changes, such as the sign of the heat 
effects, ete., accompanying the transformation of one 
phase into another are known, it will be possible to pre- 
dict by means of the theorem of Le Chatelier the effects 
that will be produced within the system by altering any 
of its relations with the environment. 

Adams (719, p. 74) says: ‘‘Irritability may not be 
causally explained, but it seems to obey these general 
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laws in the same measure as causal changes.’’ A com- 
plete description is the only adequate explanation. Al- 
though it is impossible to give a complete description of 
the physical and chemical processes involved in the ir- 
ritable mechanism, it should be evident that organisms 
are irritable because they are systems in equilibrium and 
as such obey the theorem of Le Chatelier. 


II 


When Adams (’18, p. 474) says, referring to Bancroft’s 
law: ‘‘In other words this is a perpetuating tendency, a 
method of assimilation, of which reproduction may be 
considered but a special phase,’’? he makes a serious 
error. That some other principle is involved is hinted 
at in the following passages (Adams, 718, p. 474, 475) : 

Tn addition to influences which interfere with systems as expressed by 
Bancroft, there are those which reinforce or accelerate (tend to continue 
or hasten activity) and do not change its character, but only the intensity 
of the response (temperature, enzymes, repetition, ete.). By this method 
also systems tend to be perpetuated and organisms in “ favorable” (non- 
interfering) conditions, tend to continue their normal activities. 

Thorndike in summarizing the laws of “ aequired behavior or learn- 
ing” formulates two laws. The first is essentially a statement of Ban- 
croft’s law of response to interference (discomfort or satisfaction) and 
the second (exercise or repetition) is that of reinforcement. 

But when Adams (718, p. 475) states: ‘‘This law ap- 
pears to be a corollary of Bancroft’s law which is con- 
cerned with interference or retardation,’’ he is dodging 
the question. 

The second principle which Adams calls the law of re- 
inforcement is the basis of assimilation and the related 
processes of growth, reproduction and inheritance. That 
the assimilation of an organism may take place, three 
conditions are essential: (a) available materials to con- 
struct the organism; (b) a supply of energy; and (c) 
the presence of the living organism. There are also cer- 
tain formal conditions of temperature, pressure, etc., 
which need not concern us at present. In short, assimila- 
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tion is an autocatalytic process ; because the end products 
of assimilation act as catalytic agents for their own syn- 
thesis. In green plants and the independent bacteria it is 
also an endothermic process, because the end products of 
assimilation have a higher energy content than the com- 
pounds from which they are constructed. As an illustra- 
tion of an autocatalytic reaction between inorganic com- 
pounds, the formation of Millon’s reagent may be cited. 
When mercury is dissolved in nitric acid, a certain 
amount of nitrous acid is formed. Nitrous acid is a 
catalytic agent for the solution of mercury in nitric acid, 
and therefore for its own production. To quote from 
Troland (’17, p. 337), who has discussed the theory of 
autocatalysis: 


The suggestion that the fundamental life-process of growth is the 
expression of an autocatalytie chemical reaction has been made inde- 
pendently by a number of investigators. It will be perceived that on 
the basis of the foregoing theory of autocatalysis, this suggestion be- 
comes closely allied to the familiar and ancient comparison of vital 
growth to the growth of the erystal. The customary objection to this 
comparison, viz., that a érystal grows by accretion whereas protoplasm 
increases by intussusception, loses its foree as soon as we regard living 
matter as a complex mixture of substances suspended by colloidal sub- 
division in water, since there is no evidence that the individual colloidal 
particles do not grow by accretion. On the contrary, it is almost incon- 
ceivable that these bodies, which are the real chemical units in proto- 
plasm, should grow in any other way. The growth of a system like a cell 
could be regarded as the resultant effect of a very large number of com- 
ponent growths, each governed by its specific autoecatalytie mechanism. 
It has been shown by T. B. Robertson that growth curves, with respect 
to time, actually do coincide in general form with the eurve characteristic 
of an autocatalytie reaction. 


In other words, the process of assimilation is like erys- 
tallization from a supersaturated solution by seeding 
with a crystal. The following quotation from Findlay 
(’04, pp. 67-68) throws light on this process: 


In general, then, we may say that a new phase will not necessarily be 
formed immediately the system passes into ‘such a condition that the 
existence of the phase is possible; but rather, instead of the system 
undergoing transformation so as to pass into the more stable condition 
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under the existing pressure and temperature, this transformation will be 
“ suspended ” or delayed, and the system will become metastable (that is 
temporarily stable as long as it is not brought in contact with the new 
phase). Only in the ease of the formation of the liquid from the solid 
phase, in a one-component system, has this reluctance to form a new 
phase not been observed. 

To ensure the formation of the new phase, it is necessary to have that 
phase present. The presence of the solid phase will prevent the super- 
cooling of the liquid. 

As to the amount of the new phase required to bring about the trans- 
formation of the metastable phase, quantitative measurements have been 
carried out only in the ease of the initiation of erystallization in a super- 
cooled liquid. As the result of these investigations, it was found that, in 
the ease of superfused salol, the very small amount of 1 X 10-1 gm. of 
the solid phase was sufficient to induce erystallization. Crystallization 
of the supercooled liquid, however, can be initiated only by a “ nucleus ” 
of the same substance in the solid state; . . . it is not brought about by 
the presence of any chanee solid. 


The following illustration is of interest in this connec- 
tion. From a saturated solution of anhydrous sodium 
sulphate, Na,SO,; at 24° C. different compounds may be 
obtained by seeding with different crystals. If a crystal 
of the heptahydrate, Na,SO,:7H.O, is added, this salt 
crystallizes out; if a erystal of the decahydrate known as 
Glauber’s salt, Na,SO,:10H.O, is added, Glauber’s salt 
crystallizes out. In this case both the solution and the 
heptahydrate are metastable. It should be noted that the 
seeding accomplishes two things: (a) it induces erystal- 
lization and (b) determines the nature of the crystals. 
Moreover since the crystals produced are hydrates, they 
represent products of synthesis. 


III 


Living organisms accordingly perform two processes, 
behavior and assimilation, and depending on whether the 
one or the other process is considered, they present fun- 
damentally different aspects. If we make a cross-section 
(to borrow an expression of EK. B. Holt) through the or- 
ganism in one direction, it appears as a system in equi- 
librium obeying the theorem of Le Chatelier. If we make 


No. 629] BEHAVIOR AND ASSIMILATION 513 


a cross-section at right angles, as it were, it appears as 
part of an autocatalytic reaction. Behavior and assimi- 
lation work in different planes. The theory of auto- 
catalysis does not explain all biological enigmas as Tro- 
land (717) intimates, nor does the theorem of Le Chatelier 
account for assimilation. 

However, these planes intersect; the two processes are 
interrelated in the following four respects. 

1. The factors of the environment that constitute the 
external conditions of the behaving system are the pos- 
sible limiting factors of assimilation. 

2. Assimilation is an endothermic process that sup- 
plies the energy expended by the responses of behavior. 

3. Behavior overcomes the effects of the limiting fac- 
tors of assimilation and so places the organism in what 
is, under the circumstances, the most favorable situation 
for assimilation. 

4. Assimilation and growth eventually change the re- 
lations between the organism and the factors of its en- 
vironment, consequently producing stimuli to behavior. 

Behavior is the process by which the organism is able 
to cope with its environment, it renders its condition as 
‘‘favorable’’ as the situation permits, but contributes 
nothing to its increase. It is the progressive element to 
which change and variability are due. It is the ‘‘guide 
of life.’’ Assimilation is the autocatalytic process by 
which the organism increases and multiplies, but which 
would soon be brought to a standstill according to the 
law of the minimum, were it not for behavior. It is the 
conservative element that determines that like shall beget 
like; it is the principle of heredity. An organism may be 
defined as a system that perpetuates itself by autocataly- 
sis and reacts according to the theorem of Le Chatelier. 
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Are THESE Accounts CREDIBLE? 


Even with the cumulative evidence of all the foregoing 
accounts, the matter seems almost incredible. Dr. East- 
man, when working up the data for his Reversus paper, 
wrote Dr. David Starr Jordan, and I also have written 
him. Dr. Jordan, without having had laid before him the 
later accounts found in this paper, doubts the Columbus 
stories and kindly gives some data from his own wide 
experience. He notes that the Remora rarely grows over 
sixteen inches long, and, although it holds so tightly that 
it may be drawn out of water, is so small that it could 
hardly be used as a hunting fish. He further adds that 
Kcheneis though it grows to a length of three feet doesn’t 
‘‘sit tight’’ but drops off the minute ‘‘tie shark to which 
it is fastened is drawn out of the water.’’ This observa- 
tion of Dr. Jordan’s is in full accord, it may be noted, with 
the records left by Columbus and his chroniclers that the 
fish cannot stand access to the air, and hence they affirm 
that, while it cannot by pulling be dislodged from its prey, 
it may easily be disengaged by lifting both hunter and 
hunted up into the air when the former at once drops off. 

In this connection it is pertinent to give here an observa- 
tion which I made at Beaufort, N. C., a number of years 
ago. A shark was hooked off the laboratory wharf and 
when pulled in was found to have an Echeneis attendant 
about a foot long. As shark and .Echeneis were both 
‘drawn up, whenever the latter was elevated above the 
water it would let go, drop down into the water, and take 
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a fresh hold. This was repeated several times, but at last 
the sucking-fish dropped off and swam away into deeper 
water. 

A: shark, which I hooked at Tortugas, had two Eche- 
neises and one Remora on it. Being rapidly dragged up 
on the beach, the attendants did not let go until the shark 
was high and dry. One Echeneis was captured but the 
other two ‘‘suckers’”’ got back in the water, and in many 
other eases I have been unable to bring the fish out with 
the shark. Dr. Townsend, however, writes (1915) that he 
has taken many sharks while on the United States Fish- 
eries Steamer Albatross, and that nearly all of them came 
aboard with one or more Echeneises attached. Thus it 
would seem that in some cases the Echeneis holds fast and 
that in others it lets go. The causes of these different 
actions are not clear. 

However, it is after all not a question of whether the 
sucking-fish lets go when brought into the air, but whether 
it can stand the strain of hauling in a heavy turtle or large 
fish. Hence the question is one to be settled by experi- 
ment and if possible by mathematics. 

Holder (1995) has been quoted as. having tried the ex- 
periment but without results since his ‘‘suckers’’ would 
not leave the sides of his boat to lay hold of the turtles 
and sharks. No record has been found of any similar ex- 
periments. In the same paper Holder speaks of lifting a 
bucket of water by a Remora which gripped the bottom 
with its disk. 

Dr. C. H. Townsend, in an article in the Bulletin of the 
New York Zoological Society (1915), describes experi- 
ments to test the holding powers of sucking-fish in the 
New York Aquarium. A two-foot specimen (size of disk 
not noted) held by the tail lifted a pail half full of water— 
total weight 21 pounds. A second, 26.5 inches long and 
having a disk 5.5 inches in length, supported a pail and 
water weighing 24.25 pounds. Hada deeper bucket been 
used so that the water would not spill out, Dr. Townsend 
thinks that the fish could have lifted an even greater 
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weight. Fig. 11, Plate III, is reproduced from the article 
in question. 

Dr. Townsend made another and even more pertinent 
experiment which we will let him describe in his own 
words: 

By way of testing its fish-eatehing capacity, a shark-sucker sixteen 
inches long was liberated in one of the tanks of the Aquarium contain- 
ing fishes. It took hold at once, and by hauling on the cord fastened to 
its tail a good-sized grouper was brought to the surface of the water, 
although it could not be lifted out of the tank. When the fish began to 
struggle the shark-sucker let go. When tried on a fifteen pound sea 
turtle, the latter could easily be drawn to the surface. 

There ean be no doubt that with a line attached to a large remora 
[Echeneis?] a much larger sea turtle could be hauled in without 
difficulty. 

My opportunities for making such experiments have un- 
fortunately been very few. At Tortugas in 1914, I pulled 
on the tail of a sucking-fish, stuck fast to the glass wall of 
the aquarium, so hard that its muscles could be heard to 
erack, and I had to desist for fear of pulling the tail off. 
In 1913 in the Bight of Cape Lookout, N. C., we caught a 
27.25 inch Echeneis having a sucking disk 6 inches long by 
2.13 wide. When stuck to the wet deck, I pulled on this 
fish so hard that I feared that I would tear it in two, but 
it resisted all efforts to pull it off backwards—a pull of 
possibly 50 pounds. On pulling upwards on it, it held fast 
until the disk began to tear loose from the head. 

Another fish 33 inches long, with a sucker 7.25x 2.63 
inches, caught on the same day, was also experimented on 
but it was not in good condition and did not have the 
‘‘orip’’ of its predecessor. A spring balance was attached 
to its tail, and the fish was found to resist a pull of 14 
pounds lengthwise and 17 at an upward angle of 45 de- 
grees. The other fish would undoubtedly have shown 
better results. In both the popping of the muscles was 
noted. The literature is found to be filled with statements 
that the fish holds tight so strongly that it will suffer 
_ itself to be torn in two rather than let go. 

In ascertaining the ‘‘pull’’ that an Echeneis might 
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withstand when used as a fisherman-fish, the problem may 
be attacked from two standpoints. One might first ascer- 
tain how much adhesion the sucker would develop or 
secondly work out the ‘‘pull’’ necessary to land a turtle 
or large fish. This has never before been attempted, but 
it is worth while trying. 

My largest Echeneis had a sucking disk whose longest 
diameter measured 7.25 2.63 inches. Assuming that it 
was an ellipse in shape let us proceed to get its area. The 
formula for the area of an ellipse whose longest diameters 
are a and b is as follows: Area =a X aXb/4. Substi- 
tuting and performing the operations indicated we get 
14.98 square inches for the area. This is of course too 
large, for no allowance has been made for the longitudinal 
raphe or for the lamelle arranged like the slats of a 
Venetian blind. This cannot be ascertained but we will 
allow 1.48 square inches for this and thus reduce the avail- 
able sucking area to 13.5 square inches. It is understood 
that the fish adheres to its host by raising its disk through 
muscular action and thus creating a partial vacuum. If 
this vacuum were perfect the adhesion would be 13.5 « 14.7 
pounds or 198.45 pounds, or in round numbers 198 pounds 
would be the measure of the adhesion of the disk to the 
host fish, shark or turtle. 

But it is objected that the disk can not develop a perfect 
vacuum, and as this is true our figures must be reduced. 
Let the reduction be 50 per cent. and the adhesion is still 
99 pounds, or if it be cut by three fourths the adhesion 
will still be 49.5 pounds. The latter is probably too low 
just as the first is undoubtedly too high. For one thing 
there has not been and can not be figured out the ad- 
ditional adhesion developed by the backwardly directed 
teeth of the lamellx, which were formerly thought to do 
all the holding. Assuming that the holding force is 99 
pounds, it will be seen that when I pulled on this fish’s 
tail with a pull estimated at 50 pounds the limits of its 
adhesion had not nearly been reached. And yet at the 
time it was noted that the muscles of the fish snapped and 


No. 629] STUDIES IN ECHENEIS OR REMORA 519 


cracked until it looked as if its tail would be pulled off. 
Furthermore, scores of observers have noted that the fish 
would allow itself to be pulled in two rather than let go. 
In Dr. Townsend’s article, Mr. L. L. Mowbray, of the New 
York Aquarium, is quoted as believing that the fish under 
strain while under the weight of a considerable column of 
water can not relax the grip of its disk. With a backward 
pull on its tail the teeth setting in the epidermis of its host 
would tend to keep the lamelle vertical, for the lamelle 
can only come to rest, relaxing the grasp of the disk, by 
describing an are backward and downward. Whether or 
not Mr. Mowbray’s suggestion is tenable, it is certain that 
with a strong pull backward on its tail the Echeneis would 
find it hard, perhaps impossible, to flatten the disk and let 
go its hold. 

The data offered above ought to convince any one that 
Kcheneis can hold on tightly enough to enable the fisher- 
man to haul in the prey thus laid hold of by the fish, but 
whether the fish, without being literally torn in two can 
stand the strain of this hauling in is a question that must 
be met. The answer here is an unhesi‘ating ‘‘Yes’’! 

Dr. Townsend pulled on his 26.5-inch sucking-fish hav- 
ing a 5.5-inch disk with a measured force of 24.25 pounds. 
Let us see what a pull so great as this will do in landing a 
large fish. Dr. Charles Frederick Holder has done more 
than any man in America to popularize the taking of big 
game fishes with light tackle. In his ‘‘Big Game Fishes 
of the United States’’ (1903) to face page 80 he has a 
photograph of a 251-pound tuna (Thynnus thynnus) 
caught on a 21-thread line tested to break at 42 pounds 
dead pull. On page 115 he tells of the capture of a 419- 
pound black sea bass (Stereolepis gigas), and to face page 
116 gives a photograph of it. The size of the line is not 
given but it is elsewhere specifically stated that it was not 
over 24-thread having a breaking strength of 48 pounds. 
In his ‘‘Big Game at Sea’’ (1908) on page 129 Holder 
gives a table of nine tunas ranging from 94 to 251 pounds 
in weight and none caught on lines of more than 24 
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threads and many on 15- and 18-thread lines. On the 
following page (130) he tabulates the weights of eight 
black sea bass ranging from 327 to 436 pounds caught on 
number 24 lines. Again on page 109 he states that Edwin 
vom Hofe took a 600-pound sawfish on a 15-thread line 
breaking at 30 pounds dead pull. On pages 166—167 of 
his ‘‘Recreations of a Sportsman on the Pacific Coast’’ 
(1910) Holder describes the catching of an 8- or 9-foot 
shark with a 9-thread line, and on page 169 he describes 
the taking of a 12-foot, 310-pound shark with a tuna rod 
and reel, the line of which was not heavier than 24 
threads. Examples might be still further multiplied, but 
enough have been given to establish the facts. 

Now the tuna is probably the hardest fighting game fish 
in the world taken on a light line, while the black sea bass 
and the sharks are undoubtedly the heaviest dead weights 
of any fishes taken with rod and reel. Thus the argument 
is that if these fishes can be taken on lines breaking at 
dead weight pulls of from 18 to 48 pounds, then an Eche- 
neis, which, suspended by a cord around its tail, supports 
a dead weight of 24.25 pounds, could easily be used to 
draw in fish and turtles of the sizes noted throughout this 
paper.’ And this without any danger of tearing its tail off. 

To the present writer, all the evidence at hand sustains 
and confirms the stories of the living fishhook from the 
time of Columbus to the present day. 


PostTscrRIPT 


Since this paper was written I have chanced upon an 
article by F. Tamborini, bearing the title ‘‘Jagd- und 
Kunstschafterdienst im Meere,’’ published in ‘‘Die 
Natur,’’ 1900, Vol. 49, pp. 234-235. Examination of this 
shows that it contains nothing new, but note is made of it 
here that this may be understood and for the sake of 
completeness. 
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VARIABILITY IN FLOWER-NUMBER IN 
VERNONIA MISSURICA RAF. 


DR. H. A. GLEASON 


New York BoranicaL GARDEN 


In studying the species of Vernonia in the western 
states, the writer was impressed as early as 1903 by the 
constancy with which the number of flowers in each head 
of certain species agrees with the numbers of the Fibo- 
nacci series. This appeared at the time to be particularly 
true of Vernonia fasciculata, which normally presents 18 
to 21 flowers. Extending his studies later to the species 
of tropical America, he found a still closer agreement 
with the Fibonacci series in the species with fewer-flow- 
ered heads, where the numbers 8 and 13 are repeated 
with little or no variation in several species. Inspired 
by the more recent studies of Stout and Boas,' who re- 
ported a steady seasonal decrease in flower-number in 
the heads of Cichorium Intybus, he again examined in 
1918 a series of specimens of Vernonia missurica, the 
only species native in the vicinity of Ann Arbor, Mich., 
and made careful determinations of the number of flowers 
in every head of several plants, chosen from different 
localities and habitats. The results of these studies are 
presented here. 

In the western part of its range, from Kansas to IIli- 
nois, Vernonia missurica is essentially a prairie species 
and is seldom or never found in woods or swamps. In 
Indiana it is excessively common on rolling hills in clay 
soil, preferring land formerly wooded but now used for 
pasture, where it is apparently avoided by live-stock. 
In the extreme eastern end of its range, in southeastern 

1Stout, A. B., and Boas, II. M., ‘‘Statistical Studies of Flower Number 


per Head in Cichorium Intybus; Kinds of Variability, Heredity and Effects 
of Selection,’’?’ Mem. Torrey Club, 17, 334-458, pl. 10-13 + f. 1, 1918. 
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Michigan and adjacent Ontario, it is typically a species 
of moist, cleared, uncultivated bottom-lands along the 
rivers and lakes and occasionally is found in low woods 
as well, where it is taller and more slender, with rela- 
tively lax, irregular, few-headed inflorescences. Judged 
from herbarium evidence from all parts of its range, the 
mode of its flower-number seems to be 34. Since flower- 
numbers deviate more freely from the Fibonacci series 
in the higher numbers and since the species has such a 
wide range and such a wide variation in its habitat, it 
may naturally be expected that it will present a wider 
variation in flower-number than many other species of 
restricted range and habitat and with smaller heads. 
The inflorescence of the species may be described in 
some detail. It is strictly cymose. The main axis of the 
plant is unbranched and rises to a height of one to two 
meters. The lower nodes bear full-sized foliage leaves 
and are separated by internodes of fairly uniform length, 
while the upper internodes are abbreviated and bear re- 
duced or bracteal leaves only. The main axis terminates 
in a single head on a short pedunele, and this head is the 
first, or among the first, to bloom. From the axils of the 
uppermost leaves branches appear which are in turn 
terminated by a single head on a longer peduncle, which 
therefore overtops the primary head. The next nodes, 
subtended by larger leaves, bear short simple leafless 
cymes of 2-5 heads. Below these, leafy branches appear 
from the lower nodes, and these bear single primary ter- 
minal heads, axillary heads on longer peduncles, and 
simple cymes in the same order in which they appear at 
the summit of the main axis. The uppermost of these 
leafy branches, since they arise relatively near the sum- 
mit of the plant, also overtop the main axis and with it 
produce a more or less flattened or depressed corymbi- 
form cluster. The lower lateral leafy branches are suc- 
cessively shorter, bear fewer heads which bloom later, 
_and tend to produce in conjunction with the upper ones 
a more or less eylindrical cluster. Finally, the lowest 
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nodes bear short and frequently undeveloped lateral 
branches, which usually appear so late in the season that 
none of their heads, or.only a part of them, open their 
flowers before frost. In many plants only the uppermost 
nodes bear branches at all, and in such cases the inflores- 
cence is flattened or depressed. Every plant normally 
bears the primary terminal head and few or several sub- 
terminal heads and simple cymes from the uppermost 
axils. The number of heads is at a minimum in shady 
situations. The middle nodes bear floriferous branches 
only on large plants of favorable situations, where there 
is sufficient light and the plants are not crowded for space. 

A single cyme consists of two or more heads on pedun- 
eles 1-3 em. long with subulate bracts. Each peduncle 
is usually accurately curved and leaves the straight axis 
at a prominent angle, so that the true terminal heads are 
easily recognized. The usual number of heads in each 
cyme is two to five and the maximum number observed is 
nine. A ecyme of two heads consists of a terminal head 
and an inferior lateral head. A eyme of three heads con- 
sists of the terminal and (a) two inferior lateral heads or 
(b) an inferior two-headed cluster. A cyme of four 
heads presents the usual terminal head and (a) three 
inferior lateral ones on separate peduncles or (b) one 
lateral head and one two-headed cluster. One of five 
heads has the true terminal and (a) a single inferior 
lateral head and a three-headed ecyme of either of the 
types mentioned above or (b) two two-headed clusters. 
Cymes of greater numbers of heads have the same gen- 
eral structure, of a single terminal head with various 
combinations of single inferior heads, two-headed clus- 
ters and three-headed clusters. 

Three types of variation were looked for in examining 
the species: (1) a variation between the heads of each 
eyme, possibly correlated with their position, whether 
terminal or inferior; (2) a variation between different 
floriferous branches of the same plant, possibly corre- 
lated with the amount of available nourishment; and (3) 
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a general variation between different individuals, pos- 
sibly correlated with the size and vigor of the plant and 
therefore indirectly with the habitat. 

1. Within a single cyme of 2-6 heads, the terminal 
head is usually the largest. In larger cymes of 7-9 heads 
some of the secondary terminal heads, ending the lower 
lateral branches of the leafless cluster, are frequently 
larger than the primary terminal head. 

Table I exhibits the number of flowers in the terminal 


TABLE I 
RELATION OF FLOWER-NUMBER TO POSITION ON THE BRANCH 


All Other Heads 


Primary 
Branch Terminal | 
Number Largest Average 

1 46 1 46 46 

3 59 5 53 49.6 

A 56 5 53 51.0 

6 57 8 55 51.4 

8 54 + 50 48.5 

9 53 5 51 49.2 
10 57 12 54 $1.1 
1l 55 13 55 49.5 
12 57 10 55 49.3 
13 57 8 54 50.4 
14 58 9 56 52.6 
15 56 18 58 53.1 
16 52 14 57 2.9 
17 55 14 59 52.1 
18 50 21 58 52.9 
19 54 22 60 3.4 
20 4 16 56 2.4 
21 14 56 
22 52 15 60 52.9 
24 59 8 62 53.0 
25 57 5 9) 53.8 
26 53 2 50 48.5 
27 50 3 52 49.7 
28 53 2 53 50.0 
29 52 1 50 50.0 


head and the average number in the other heads on each 
of 25 floriferous branches from the same plant, the num- 
bers beginning at the base. On 4 branches, numbers 2, 5, 
7 and 23, the terminal head was defective or worm-eaten, 
and these have been omitted in the table. On 22 branches 
of the 25, the primary terminal head is larger than the 
‘average of the other heads and the difference may be as 
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much as 9.4. On 15 branches the primary terminal is 
actually the largest head on the branch. In 3 eases the 
primary terminal is smaller than the average, and in 10 
cases it is exceeded in size by one or more of the lateral 
heads. It will be noticed that these conditions occur only 
on branches with numerous heads, where the terminal 
heads of certain individual cymes tend to raise the aver- 
age. In fact, on those branches which bear a total of 
less than ten heads, and in which there are accordingly 
fewer chances for large secondary terminal heads, the 
average sizes of the two classes are 55 and 50.8 and with 
two exceptions (branches nos. 24 and 27) the primary 
terminal is actually the largest head on the branch. On 
branches with a total of 10-20 heads the averages are 55 
and 51.9 and the primary terminal is actually the largest 
in only two fifths of the branches. In the two eases with 
over 20 heads the averages are 52 and 53.2 and the pri- 
mary terminals are conspicuously exeeeded in size by 
some of the other heads. Since the heads of each cyme 
differ but little in age, the variation in their size may 
possibly be due to difference in the amount of food-stuff 
or water available, by which the terminal heads at the 
end of a continuous axis are favored. 

2. It has already been stated that the solitary heads 
and the floriferous branches appear in basipetal order 
and that those from the lowest nodes may not be suf- 
ficiently developed to bloom before frost stops all further 
growth. Table II shows the variation in flower-number 
correlated with the position of the branch. 

The table indicates a steady increase in the number of 
abortive heads from the older branches at the summit 
to the younger ones at the base. The greatest number of 
heads are found near the middle of the series on the 
longest lateral branches, which rise from the middle 
internodes to a height equal to or surpassing the summit 
of the stem. But the average number of flowers is re- 
markably constant throughout, varying only from 50.7 
to 52.9 for each set and, in general, reaching the maxi- 
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mum among the larger branches. It is obvious that 
there is very little relation between position and flower- 
number and the same conclusion is supported by the data 
from other plants. 


TABLE II 
RELATION OF FLOWER-NUMBER TO POSITION OF BRANCH 
Number of Heads 7 Number of Flowers 
Branch | Average by Groups 
Fertile Total | High Low |Average 
1 0 10 2 12 46 46 46.0 
2 0 11 Oo} Fertile heads 3.2 
3 1 16 6 | 23 59 47 | 51.2 Abortive heads 10 
4 1 10 6 17 56 47 51.8 Flower-number 50.7 
5 | 0 3 0 3 
6 0 10 9 19 57 47 52.0 
4 1 8 6 | 15 53 47 | 49.5 Fertile heads 8.6 
8 0 5 5 10 54 47 49.6 . Abortive heads 7.8 
9 7 6 16 53 48 | 49.8 | Flower-number 50.8 
10 oO | 9 13 22 57 48 | 51.5 
11 0 6 14 | 20] 55 | 45 | 499 
12 0 9 Lt 20 57 45 | 50.0 | Fertile heads 13.4 
13 3 5 9 17 5¢ 47 51.1 Abortive heads 6.2 
14 1 4 10 15 58 48 53.1  Flower-number 51.6 
15 0 v 19 26 58 47 53.3 
16 0 1 15 16 57 49 92.9 
17 0 4 15 19 59 47 52.3 Fertile heads 18.8 
18 1 5 22 28 58 46 | 52.8 Abortive heads 3.8 
19 0 7 23 30 60 47 | 53.4. Flower-number 52.8 
20 1 2 a7 20 57 47 52.5 
21 2 2 15 19 56 48 | 51.9 
22 3 1 16 20 60 49 | 52.8 Fertile heads 12.4 , 
23 3 0 8 11 58 47 | 53.0 Abortive heads 1.2 
24 0 1 9 10 62 48 | 53.7 Flower-number 52.9 
25 0 2 6 8 57 52 54.3 
26 1 0 3 + 5 47 50.0 
27 0, 0 4 4 92 45 49.8 
28 0 3 3.1 6 47 | 
29 0 0 2 2 2 | 50 | 51.0 | Fertile heads 2.1 
pe Abortive heads 0 
30 0 0 1 1 55 Vlow ber 51.0 
31 0 0 1 1 | 52 ower-number 51. 
32 0 0 1 $4 49 
33 0 0 1 1 | 56 
Total oe 21 | 145 278 | 444 62 | 45 52.1 


3. The number of maturing heads and the minimum, 
maximum, and average number of flowers per head in 22 
plants is exhibited in Table III. Of these plants, num- 
bers 1-18 inclusive were collected from a variety of 
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habitats and stations, in shade and sun, and in relatively 
wet and relatively dry soils. They show in every case a 
small variation within each plant, but a great variation 
between different plants, the averages ranging from 29.3 
to 52.1. It happens that the plant with the largest num- 
ber of heads also presents the highest flower-number, 
but in general there is no correlation between them, and 


TABLE ITI 
VARIATION IN FLOWER-NUMBER ON DIFFERENT PLANTS 


Number of Flowers 


Plant Number Heads 
High Low Average 
1 278 62 45 52.1 
2 26 43 37 40.0 
3 26 41 34 37.3 
+ 15 38 29 31.9 
5 14 36 27 31.9 
6 31 40 31 36.4 
7 19 45 37 42.2 
Ss 25 39 32 35.4 
9 95 37 22 29.3 
10 62 35 26 29.7 
11 43 39 28 34.2 
12 15 51 45 47.7 
13 ff 36 32 34.0 
14 11 45 36 40.5 
15 3 46 44 45.0 
16 19 38 34 35.5 
Mi, 3 39 35 37.0 
18 33 34 26 29.4 
19 126 35 26 32.5 
20 98 37 26 32.2 
21 61 38 24 32.0 
22 74 36 25 32.7 


the third highest average is presented by the plant with 
the smallest number of heads. : 

The last four plants, numbers 19-22, were collected 
from the same station and grew under similar environ- 
mental conditions in the usual (and for the region prob- 
ably also the optimum) habitat of the species. They also 
present very similar averages in their flower-number. 
Others of the same station were also examined and 
demonstrated that essentially the same averages were 
repeated throughout the group. 

From an examination of this table and from additional 
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experience with the plants, the writer is led to the ten- 
tative idea that two sets of factors, which may be en- 
vironmental, or hereditary, or both, act on the plants 
independently, one determining the number of heads pro- 
duced and the other the average number of flowers in 
each, so that there may result plants with many large 
heads (as no. 1), many small heads (no. 10), few large 
heads (no. 15), or few small heads (nos. 5, 18). 

Table 4 shows the distribution of flower-numbers for 
all the heads of five plants. In each case the curves show 
a close relation to the main or secondary numbers of the 
Fibonacci series, 55, 29, 29, 34 and 34 respectively, al- 
though in only two cases do the modes fall precisely on 
these figures. Plant 1 shows a rather close grouping of 
heads just short of 55, plant 9 has over half of the heads 
grouped at 28-30, and plant 11 has almost half grouped 
at 33-35. It is searcely to be expected that the series will 
be followed closely with such large numbers of flowers; 
in fact, Stout has demonstrated that there is no relation 
whatever to the Fibonacci series in the heads of Cichor- 
tum Intybus. Since the numbers were determined in 
every case by counting the mature achenes, the numbers 
should fall somewhat below the Fibonacci series, rather 
than above them, because of the possibility of some 
flowers not setting seed. 

The plants used for these five tabulations were selected 
merely because of their large number of heads, which 
offer better data for developing a representative curve. 
Plants 20-22, with large numbers of heads also, agree 
closely with plant 19. A moment’s inspection of the 
averages for the other plants, as shown in Table III, 
shows that in many cases, such as plants 2 and 3, they 
could not agree closely with the Fibonacci series, or that 
an apparent agreement might be fictitious if based on 
_ plants with a few heads only, as numbers 12 and 13. 


534 


No. of heads. . 


No. of flowers. 


No. of heads.. 
No. of flowers. 


No. of heads.. 


No. of flowers. £ 


No. of heads.. 


No. of flowers. £ 


No. of heads.. 
No. of flowers. 


THE AMERICAN NATURALIST 


TABLE IV 


DISTRIBUTION OF FLOWER-NUMBERS 


26 


49 


Plant 
Z3 30 
50 51 


Plant 
10 15 


9 


Plant 
9 6 


31 32 3: 


Plant 
7 4 


27 28 2 


31 


> 


a2 


33 34 35 


Plant 
12 6 


31 32 & 


38 


SUMMARY 


24 24 


54 55 


11 6 
31 32 


bo 


11 9 
35 36 


[Vou. 


1315 7 3 20 1 
57 58 59 60 61 62 


33 34 35 36 37 


bo 


39 


3) 
37 38 


1. The number of flowers in each head is greatest for 
the terminal heads of each evme. 
2. Otherwise the number of flowers in each head is rela- 


ti 


— 


vely constant for each individual plant. 
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in those plants with numerous heads, the mode falls on 
or near one of the main or secondary numbers of the 
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DARWIN’S CONTRIBUTION TO THE KNOWLEDGE 
OF HYBRIDIZATION 


HERBERT F. ROBERTS 


UNIVERSITY OF MANITOBA 


THe period from 1859 until the re-discovery of Men- 
del’s papers in 1900 was so strongly colored by the views 
of Charles Darwin, and so dominated by the magnitude of 
his work, that it sometimes seems as though originality 
and initiative had been abandoned, and as though, so far 
as evolution were concerned, the scientific world had re- 
mained content simply to quote Darwin. 

It is the purpose of the present paper to present the 
contributions of Darwin to the knowledge of hybrids. To 
this end it seems desirable, so far as possible, to let Dar- 
win’s words speak for themselves, and hence, although 
the paper may seem burdened with extracts, vet, for those 
interested in tracing the history of ideas in genetics, it 
will perhaps be of service to assemble such a résumé of 
Darwin’s work and thought in the field of hybridization. 
Brought together in such a way, an author’s contribution 
may be more successfully valuated at leisure by those who 
may be interested. The writer has, therefore, sought to 
bring together, in somewhat connected and coherent form, 
the various views, conclusions and experimental data on 
the ae of hybrids and hybridization, found in Dar- 
win’s different writings. 

It is also the purpose of the writer to oe into relief 
certain fields of investigation opened by him, but in which, 
so far as appears, there has been little or no research 
since his time. 

On November 24, 1859, appeared the first edition of 
“<The Origin of Species (1), antedating by seven years, 
the appearance of the papers of Mendel. 

535 
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One of the primary questions concerning crossing that 
interested Darwin was the matter of sterility and fertility 
in hybrids. Investigators before Darwin’s time had been 
to a considerable extent obsessed by the species question, 
which crossing was supposed to solve. If a cross suc- 
ceeded, or produced fertile offspring, it argued that the 
parent forms were ‘‘varieties.’’ If the cross failed, or if 
its offspring were sterile, it demonstrated that they were 
‘*snecies.’’? With the sole exception of Sageret (2), none 
of the earlier hybridists seems to have formed anything 
like the unit-character conception, and with the sole ex- 
ception of Naudin and Darwin, no scientific theory was 
conceived of which might explain the modus operandi of 
amphimixis in the case of hybrids. . 

By Darwin, the question of hybridization, while indeed 
for the most part, taken up more or less conventionally, 
received, nevertheless, broader treatment. To begin with, 
Darwin held that the inability of species to cross ‘‘is 
often completely independent of their systematic affinity, 
that is, of any difference in their structure or constitution, 
excepting their reproductive systems”’ (la, 2:14). © 

So that, even as early as the writing of the ‘‘Origin of 
Species,’’ Darwin is seen to maintain that the susceptibil- 
ity of plants to crossing stood in no relation to the degree | 
of their resemblance to either parent, and that ‘‘the facil- 
ity of making a first cross between any two species is not 
always governed by their systematic affinity or degree of 
resemblance to each other’’ (1a, 2:16). 

This fact, he adds, is demonstrated by the ease of re- 
ciprocal crosses, alluding here to the relative facility of 
making the cross, according as the one or the other species 
is used as the male or the female. 

Occasionally he says there is ‘‘the widest possible dif- 
ference in the facility of effecting a union. The hybrids, 
moreover, produced from reciprocal crosses, often differ 
in fertility’? (ibid.). 

Darwin again later in ‘‘Animals and Plants under 
Domestication,’’ refers to the matter as follows: 
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Why should some species cross with facility, and yet produce very 
sterile hybrids, and other species cross with extreme difficulty, and yet 
produce fairly fertile hybrids? Why should there often be so great 
a difference in the result of a reciprocal cross between the same two 
species? (la, 2:17). 


Darwin comments frequently in the ‘‘Origin of Spe- 
cies,’’ upon the fact that the hybrids produced from re- 
ciprocal crosses often differ in fertility, and that while 
two species may be difficult to cross, there is no ‘strict 
parallelism between the difficulty of effecting the cross 
and the degree of sterility of the hybrids resulting there- 
from. 

As Darwin observes, differences in the results in respect 
to the relative ease of making reciprocal crosses had been 
previously noted by Koelreuter, who found, after two 
hundred trials, continued for eight years, that while Mira- 
bilis jalapa could easily be fertilized by M. longiflora, 
the reverse cross could not be effected. 

With regard to the difference in the facility with which 
reciprocal crosses can be made, there may be some fun- 
damental resemblance between this fact and the ease with 
which reciprocal grafts can be made, wherein Darwin in- 
stances the fact that the currant can, although with dif- 
ficulty, be grafted upon the gooseberry, while the recip- 
rocal graft can not be made. Certainly the well-estab- 
lished facts of somatie segregation followed by germinal 
‘‘mutation’’—so-ealled, should sufficiently indicate that 
the behavior of the somatic and of the reproductive cells 
should not be regarded as being so sharply separated as 
is usually done in genetic studies. At all events, the prob- 
lem as to the reason for the relative differences in the re- 
spective facility of making reciprocal crosses, as well as 
the further one of the differences as in the case of mule 
and hinny, between the respective products of reciprocal 
crosses, are questions that have been but very little inves- 
tigated since Darwin’s time, and demand thorough ex- 
ploration. 

Since the advent of Mendelian studies in 1900, it has 
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been rather conventionally and very loosely assumed that 
reciprocal crosses are invariably identical in type. That 
such is not necessarily the case, Darwin’s early observa- 
tions should suffice to indicate. 

The problem of the fertility of selfed and crossed 
plants engaged Darwin’s close interest in forty-one cases 
belonging to twenty-three species. The ratio of the fer- 
tility of the crossed to that of the self-fertilized plants was 
found to be as 100:60. In another experiment to deter- 
mine the relative fertility of flowers when crossed or 
selfed, the ratio in thirty cases belonging to twenty-seven 
species was as 100: 55. 


There is no evidence, Darwin finds, That the fertility of plants goes 
on diminishing in successive self-fertilized generations, and no close 
correspondence, either in the parent plants or in the successive genera- 
tions, between the relative number of seeds produced by the crossed 
and self-fertilized flowers, and the relative powers of growth of the 
seedlings raised from such seeds (1b, 327). 


Darwin’s investigations were directed quite extensively 
to the question of self-fertilitv in plants, a field which 
bears strongly upon our knowledge of heredity, but in 
which ‘likewise comparatively little experimental work 
has been done since his time. As the result of his own 
studies, supplemented by those of Hildebrand and Fritz 
Miiller, he was able to say: 


We may therefore confidently assert, that a self-sterile plant can be 
fertilized by the pollen out of any one out of a thousand or ten thou- 
sand individuals of the same species, but not by its own (zbid., 347). 


Regarding the cause of sterility or inability to accept 
fertilization, we are as greatly at a loss for an explanation 
to-day as was Darwin. As Darwin well states it: 


The veil of secrecy is as yet far from lifted; nor will it be, until we 
can say why it is beneficial that the sexual elements should be differ- 
entiated to a certain extent, and why, if the differentiation be carried 
still further, inquiry follows. It is an extraordinary fact that with 
many species, flowers fertilized with their pollen are either absolutely 
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or in some degree sterile; if fertilized with pollen from another flower 
on the same plant, they are sometimes, though rarely, a little more 
fertile; if fertilized with pollen from another individual or variety of 
the same species they are fully fertile; but if with pollen from a distant 
species they are sterile in all possible degrees, until utter sterility is 
reached. _We thus have a long series with absolute sterility at the 
two ends; at one end due to the sexual elements not having been dif- 
ferentiated, and at the other end to their having been differentiated 
in too great a degree, or in some peculiar manner (ibid., 455). 


The questions which Darwin raises in this connection 
are as follows (p. 458): 

1. Why the individuals of some species profit greatly, 
others very little by being crossed. 

2. Why the advantages from crossing now seem to ac- 
crue exclusively to the vegetative and now to the repro- 
ductive system, although generally to both. 

3. Why some members of a species should be sterile, 
while others are entirely fertile with their own pollen. 

4. Why a change of environment or of climate should 
affect the sterility of self-sterile species. 

5. Why the members of some species should be more 
fertile with the pollen from another species than with 
that of their own. 

Regarding the general matter of sterility in hybrids, 
Darwin comments as follows: 


It is notorious that when distinct species of plants are crossed they 
produce with the rarest exceptions, fewer seeds than the normal num- 
ber. This unproductiveness varies in different species up to sterility 
so complete that not even an empty capsule is formed (1b, 463). 

It is also notorious that not only the parent species, but the hybrids 
raised from them are more or less sterile, and that their pollen is in a 
more or less aborted condition. The degree of sterility of various 
hybrids does not always strictly correspond with the degree of diffieulty 
in uniting the parent forms. When hybrids are capable of breeding 
inter se, their descendants are more or less sterile, and they often 
become still more sterile in the later generations (ibid.). 

With the majority of species, flowers fertilized with their own pollen 
yield fewer, sometimes much fewer seeds, tlian those fertilized from 
another individual or variety (ibid., 464). 
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As the result of his investigations regarding sterility 
to pollen, Darwin was able to render at least one service, 
that of removing the obsession which had so long af- 
flieted the study of the hybrid question, viz., the variety- 
species discussion. He says: 


It can thus be shown that neither sterility nor fertility affords any 
certain distinetion between species and varieties. The evidence from 
this source graduates away, and is doubtful in the same degree as is the 
evidence derived from other constitutional and structural differences 


(la, 2:4). 


The question of the chemical and cytological basis for 
sterility or non-receptivity to pollen, remains still in part 
an open field for the investigator. 

One of the most important questions from our present- 
day point of view which Darwin investigated was the 
relative vigor of first-generation hybrids as compared 
with that of their parents. The following allusions occur 
in the ‘‘Origin of Species.’’ 

Darwin comments on the fact that crosses between in- 
dividuals of the same species, where they differ to a cer- 
tain extent, give increased vigor and fertility, while close 
fertilization, long continued, almost always leads to phys- 
ical degeneracy, and remarks: 


We know also that a cross between the distinet individuals of the 
same variety, and between distinct varieties, increases the number of the 
offspring, and certainly gives to them inereased size and vigor (1a, 
2: 296). 


Darwin thoroughly investigated, as is well known, the 
comparative relation of the offspring of crossed to those 
of selfed plants with respect to vigor. 


I have made so many experiments, and collected so many facts, show- 
ing on the one hand that an oceasional cross with a distinet individual 
or variety increases the vigor and fertility of the offspring, and on the 
other hand that very close interbreeding lessens their vigor and fertility, 
that I can not doubt the correctness of this conclusion (2a, 2:5). 
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Again, from both plants and animals, there is the clearest evidence 
that a cross between individuals of the same species, which differs to a 
certain extent, gives vigor and fertility to the offspring, and that close 
interbreeding, continued during several generations between the nearest 
relations, if these be kept under the same conditions of life, almost 
always leads to decreased size, weakness or sterility (la, 2: 27). 


In ‘‘Cross and Self Fertilization,’? Darwin again dis- 
cusses the effects of crossing as follows, expressing the 
view: 


Firstly, that the advantages of cross-fertilization do not follow from 
some mysterious virtue in the mere union of two distinct individuals, 
but from such individuals having been subjected during previous gen- 
erations to different conditions, or to their having varied in a manner 
commonly ealled spontaneous, so that in either case their sexual ele- 
ments have been in some degree differentiated; and secondly from the 
want of such differentiation in the sexual elements (1b, 443). 

A eross with a fresh stock or with another variety seems to be always 
beneficial, whether or not the mother plants have been intercrossed or 
self-fertilized for several previous generations (1b, 4). 


Darwin also remarks upon the greater power of the 
cross-fertilized plants in his experiment to stand expo- 
sure, the crossed plants enduring sudden removal from 
greenhouse to out-of-door conditions better than did the 
self-fertilized, and also resisting cold and intemperate 
weather conditions more successfully. This was the case 
with morning glory and with Mimulus. 


The offspring of plants of the eight self-fertilized generations of 
Mimulus crossed by a fresh stock, survived a frost which killed every 
single self-fertilized and intercrossed plant of the old stock. 

Independently of any external cause which could be detected, the 
self-fertilized plants were more liable to premature death than the 
crossed (ibid., 290). 


Out of several hundred plants in all involved in the ex- 
periment, only seven of the crossed plants died, while at 
least twenty-nine of the self-fertilized were thus lost. 

With regard to time of flowering, in four out of fifty- 
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eight cases, a crossed plant, in nine cases a selfed plant, 
flowered first. 

Darwin broached the view that the increased vigor of 
first-generation hybrids was chiefly due to the forms used 
in the cross having been exposed to somewhat different 
conditions of life. He also contended that his experi- 
ments proved that 


If all the individuals of the same variety be subjected during several 
generations to the same conditions, the good derived from crossing is 
often much diminished or wholly disappears (la, 2: 270). 


This statement appears to be an obiter dictum of Dar- 
win’s to the support of which he does not adduce direct 
experimental evidence. 

Again he says: 

Anyhow my experiments indicate that crossing plants which have 
been long subjected to almost though not quite the same conditions, is 
the most powerful of all the means for retaining some degree of dif- 
ferentiation in the sexual elements, as shown by the superiority in the 
later generations, of the intercrossed over the self-fertilized seedlings 
(1b, 450). 

We know, he says, that a plant propagated for some generations in 
ancther garden in the same district serves as a first stock, and has 
high fertilization powers (ibid.). 


The importance of this view has yet, so far as the 
writer knows, to be thoroughly re-investigated under com- 
pletely controlled conditions. 

It was Darwin’s view, as the result of his experiments, 
that the increased vigor of intercrossed plants is due to 
the constitution or nature of the sexual elements, which 
condition he took to be of the general nature of differen- 
tiation due to the action of environment. 


It is certain, he says, that the differences are not of an external 
nature, for two plants which resemble each other as closely as the 
individuals of the same species ever do, profit in the plainest manner 
when intercrossed, if their progenitors have been exposed during several 
generations to different conditions (1b, 270). 
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Darwin asserts that there is not a single case in his ex- 
periments, 


Which affords decisive evidence against the rule, that a cross between 
plants, the progenitors of which have been subjected to somewhat 
diversified conditions, is beneficial to the offspring (cbid., 281). 


The fact that increased vegetative vigor in first gen- 
eration hybrids was also sometimes accompanied by di- 
minished fertility was likewise observed by Darwin, 


For it deserves especial attention that mongrel animals and plants, 
which are so far from being sterile, that their fertility is often actually 
augmented, have, as previously shown, their size, hardiness and con- 
stitutional vigor generally increased. It is not a little remarkable that 
an accession of vigor and size should thus arise under the opposite con- 
tingencies of increased and diminished fertility (1e, 2: 108). 


In the case of Darwin’s experiments to determine the 
relative effects upon vigor of selfing and crossing, respec- 
tively, the data were determined chiefly with respect to 
height and weight of the plants, which were grown on 
opposite sides of the same pot in all instances. 

Regarding the relative heights and weights of 292 
plants, derived from a cross with a fresh stock, and of 
305 plants either selfed or intercrossed, between plants 
of the same stock and belonging to thirteen species and 
twelve genera, Darwin says: 


Considering all the cases... there can be no doubt that plants 
profit immensely, though in different ways, by a cross with a fresh 
stock, or with a distinct sub-variety. He emphasizes further, It can 
not be maintained that the benefit thus derived is due merely to the 
plants of the fresh stock being perfectly healthy, whilst those which 
had been long intererossed or self-fertilized had become unhealthy; for 
in most cases there was no appearance of such unhealthiness (1b, 269). 


Experiments were also made with plants belonging to 
five genera in four different families. One of the most 
interesting cases was that of a plant of marjoram (Ori- 
ganum vulgare). The height of the crossed was to that of 
the selfed plants as 100: 86. 
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They differed also to a wonderful degree in constitutional vigor. The 
crossed plants flowered first, and produced twice as many flower-stems ; 
and they afterward inereased by stolons to such an extent as almost 
to overwhelm the self-fertilized plants (1b, 302). 


Darwin holds that the inferiority of the selfed seed- 
lings in height can have been in no way due to any mor- 
bidity or disease in the mother plants; certainly, he main- 
tains, no such theory of a diseased condition would in any 
wise hold, in the case of 


intererossing the individuals of the same variety or of distinct varie- 
ties, if these have been subjected during some generations to different 
conditions (1b, 445). 


In four out of the five cases experimented with, the in- 
tercrossing of flowers upon the same plant did not differ 
in effect from the strictest self-fertilization. Conelud- 
ing, he says: 


On the whole the results here arrived at... agree well with our 
general conclusion, that the advantage of a cross depends on the 
progenitors of the crossed plants possessing somewhat different con- 
stitutions, either from having been exposed to different conditions, or 
to their having varied from unknown eauses in a manner which we in 
our ignorance are forced to speak of as spontaneous (1b, 302). 


Darwin’s experiments indicated as in the case of 
heartsease and sweet pea, that 


the advantage derived from a eross between two plants was not con- 
fined to the offspring of the first generation (1b, 305). 


Laxton’s varieties of sweet peas produced by crossing, 
as Darwin says: 


have retained their astonishing vigor and luxuriance for a considerable 
number of generations (ibid.). 


Darwin concludes: 


As the advantage from a cross depends on the plants which are 
crossed differing somewhat in constitution, it may be inferred as prob- 
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able that under similar conditions, a cross between the nearest relations 
would not benefit the offspring so much as one between non-related 
plants (ibid.). 


Darwin finally also remarks in general: 


Tit is interesting to observe ... the graduated series from plants 
which, when fertilized by their own pollen, yield the full number of 
seeds, but with the seedlings a little dwarfed in stature, to plants which, 
when self-fertilized, yield few seeds, to those which yield none, but have 
their ovaria somewhat developed,—and, lastly, to those in which the 
plant’s own pollen and stigma mutually act on one another like poison 
(le, 2: 119). 


The relative weight and germinative energy of seeds 
from crossed and from self-fertilized plants, was inves- 
tigated by Darwin in the case of sixteen species, with the 
result that the weight of the seeds of the former to that of 
the latter was found on the average to be as 100:96. In 
ten out of the sixteen cases the self-fertilized seeds were 
either equal or superior to the crossed in weight, but in 
six out of these ten, the plants raised from these selfed 
seeds were greatly superior in height and in other re- 
spects to those from the crossed seeds. In the matter of 
germination of selfed and crossed seeds, the results were 
conflicting. Darwin, however, discovered that, in general, 
seedlings of greater constitutional vigor are obtained 
when crossed by other individuals of the same stock, than 
when pollinated by their own pollen. 

In the eases of plants of fifty-seven different species, 
belonging in all to fifty-two genera and thirty different 
families, Darwin carried out the most extensive exper- 
iment yet recorded, conducted for the purpose of deter- 
mining the differences in size, between the offspring of 
eross-fertilized and of close-fertilized plants. 

The total number of the crossed plants amounted to 
1101, and of the selfed plants to 1076. As a result, Dar- 
win found that the plants derived from crosses between 
different strains of the same species, were taller on the 
average, than plants derived from crosses within the 


546 THE AMERICAN NATURALIST [Vou. LIII 


same strain, and taller in the latter case than in the case 
of the offspring of self-fertilized plants. The average 
ratio of 620 crossed to 607 selfed plants in height, derived 
from Darwin’s tables, was as 100: 86. 

From the fact that flower buds are in a sense distinct 
individual plant units, which sometimes vary and differ 
widely from one another, and yet, when on the same plant, 
owing to the fact that the plant has come from the same 
fertilized cell, rarely are widely differentiated, Darwin 
reasons that the effects of intercrossing can be explained. 
He says: 


The fact that a cross between two flowers on the same plant does no 
eood or very little good, is likewise a strong corroboration of our 
conclusion; for the sexual elements in the flowers on the same plant can 
rarely have been differentiated, though this is possible, as flower buds 
are in one sense distinct individuals, sometimes varying and differing 
from one another in structure or constitution (1b, 444). 


Hence, he concludes: 


Thus the proposition that the benefit from cross-fertilization depends 
on the plants which are crossed having been subjected to somewhat 
different conditions, or to their having varied from some unknown 
eause as if they had been thus subjected, is securely fortified from all 
sides (1b, 444). 


Darwin comments also on the reversed situation, where 
changes in the external condition result in sterility, for 
which he seeks to find a logical connection with the condi- 
tion induced by crossing. 


On the one hand, slight changes in the conditions of life are favor- 
able to plants and animals, and the crossing of varieties adds to the 
size, vigor, and fertility of their offspring, so on the other hand, cer- 
tain other changes in the conditions of life cause sterility; and as this 
likewise ensues from crossing much modified forms or species, we have 
a parallel and a double series of facts, which apparently stand. in 
close relation to each other (le, 2: 126). 


Darwin’s view as to the reason for the good effects of 
crossing was based upon the long prevalent opinion that, 
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since animals, and hence presumably plants, profit from 
changes in their conditions, that probably such changes 
operate to affect the germ cells, or that in some way the 
germ cells receive an extra stimulation on that account, 
which redounds to the benefit of the offspring (1e, 2: 155). 

Darwin appears to hold the ill effects of close fertiliza- 
tion to be due to the fact that the sexual elements in the 
different flowers on the same plant have not differen- 
tiated, while in his conclusion he appears to consider the 
benefits of cross-fertilization to be due to the individuals 
involved in the cross having differentiated through hav- 
ing been exposed to different conditions. 

Darwin frequently emphasizes the same view regarding 
the differentiating effects of a new environment. 


But hardly any eases afford more striking evidence how powerfully 
a change in the conditions of life acts on the sexual elements, than 
those already given, of plants which are completely self-sterile in one 
country, and when brought to another, yield even in the first genera- 
tion, a fair supply of self-fertilized seeds (1b, 477), and again, . . . we 
know that a plant propagated for some generations in another garden 
in the same district scores as a fresh stock and has high fertilizing 
powers. The curious cases of plants which ean fertilize and be fertil- 
ized by any other individual of the same species but are altogether 
sterile with their own pollen, become intelligible, if the view here pro- 
pounded is correct, namely, that the individuals of the same species, 
growing in a state of Nature near, have not really been subjected during 
several previous generations to quite the same conditions (1b, 450). 


When two varieties which present well-marked differences are crossed, 
their descendants in the later generations differ greatly from one 
another in external characters; and this is due to the augmentation or 
obliteration of some of these characters, and to the reappearance of 
former ones through reversion; and so it will be, as we may feel almost 
sure, with any slight differences in the constitution of their sexual 
elements (1b, 449). 


With regard to the ill effects derived from self-fertiliza- 
tion, Darwin says: 


Whether the evil from self-fertilization goes on increasing during 
successive generations is not as yet known, but we may infer from my 


548 THE AMERICAN NATURALIST (Von. LIII 


experiments that the inerease, if any, is far from rapid. After plants 
have been propagated by self-fertilization for several generations, a 
single cross with a fresh stock restores their pristine vigor, and we 
have a strictly analogous result with our domestic animals. The good 
effects of cross fertilization are transmitted by plants to the next gen- 
eration, and judging from the varieties of the common pea, to many 
succeeding generations. But this may merely be that crossed plants of 
the first generation are extremely vigorous, and transmit their vigor 
like any other character to their suecessors (1b, 438). 


In this paragraph Darwin calls attention to a fact that 
attracted little attention for a generation,—viz., the im- 
mediate improvement due to a cross. Darwin was thus if 
not the first to call sharply to attention, the matter of the 
relatively increased size and vigor of first generation 
hybrids, at least the first to subject the question to exper- 
imental analysis. 

So far as plant hybrids are concerned, Darwin’s mind 
was chiefly occupied, as we have seen, not so much with 
the fundamental theory of hybrids, as with the question 
of sterility in hybrids and its inheritance. The general 
question of what is the essential nature of hybridity, and 
how and in what manner the characters are distributed in 
the hybrid offspring, seems not to have come to an issue 
with him. 

However, among the matters of interest to modern stu- 
dents of genetics are his recognition of the general fact 
of the intermediacy of F, hybrids, and of the occasional 
complete dominance of one or the other set of parental 
characters, together with the phenomena which he terms 
‘‘reversion.’’?’ Regarding the former matter he remarks: 


There are certain hybrids which, instead of having, as is usual, an 
intermediate character between their two parents, always closely re- 
semble one of them (1, 2:15). 


In regard to the behavior of characters in crosses, while 
admitting that, in the majority of cases, the hybrid off- 
spring are intermediate between their parents, he recog- 
nized that certain characters are incapable of fusion. 
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When two breeds are crossed, their characters usually become inti- 
imately fused together, but some characters refuse to blend, and are 
transmitted in an unmodified state, either from both parents or from 
one (le, 2:67). 


As eases in point, Darwin cites the crossing of gray and 
white mice, the offspring being pure white or gray, but 
not intermediate, and the crossing of white, black and 
fawn-colored Angora rabbits, in which the colors are sep- 
arately inherited, and not combined in the same animal. 
The non-intermediate character of the inheritance in the 
case of turnspit dogs and ancon sheep is referred to, as 
is also the inheritance in the case of tail-less, horn-less 
breeds. Similar results in the ease of stocks, toad-flax 
and sweet peas are cited (1b, p. 68). 

Darwin (le, 44-45), in discussing what he called ‘‘pre- 
potency,’’ was dealing in very meny cases with that 
which we now recognize as simple dominance. For ex- 
ample, in the crossing of snap-dragons, Darwin found 
that when the normal or irregular-flowered type was 
crossed with the abnormal or regular-flowered type, the 
former prevails in the first generation to the exclusion of 
the latter. These 127 hybrid plants self-fertilized, yielded 
in the second generation irregular to regular plants in the 
ratio of 88 to 37. This is very close to the exact 3:1 ratio 
which would be represented by the numbers 85:42. Dar- 
win, however, simply regards it as a 


good instanee of the wide difference between the inheritance of a char- 
acter and the power of transmitting it to the crossed offspring (1b, 45). 


Darwin was thus quite unable, with the information 
then available, to frame a satisfactory explanation for the 
various phenomena passing under the name of ‘‘pre- 
potency.’’ 

He makes one remark relative to prepotency, however, 
that slightly grazes the present-day presence and absence 
theory of Mendelian inheritance. 
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We can seldom tell what makes one race or species prepotent over 
another; but it sometimes depends on the same character being present 
and visible in one parent, and latent or potentially present in the 
other (le, 2:58). 


The matter of sex-linked characters did not escape Dar- 
win’s observation, alluding to cases where a son does not 
inherit a character directly from his father, or transmit it 
directly to his son, but receives it by transmission from a 
mother who does not show it, and transmits it through his 
non-affected daughter. Darwin observes: 


We thus learn that transmission and development are distinct powers 
(ibid.). 


Respecting the matter of reversion, or what we should 
now call recombination after segregation, Darwin’s utter- 
ances are remarkable, especially in ‘‘ Animals and Plants 
under Domestication.’’ In most cases he regards ‘‘re- 
version’’ as the coming to light of a ‘‘latent’’ character, 
as, g., 


hornless breeds of cattle possess a latent capacity to reproduce horns, 
yet when crossed with horned breeds they do not invariably produce 
offspring bearing horns (le, 2:44). 


Darwin deserves credit for strictly contesting the point 
of view then widely current, that the longer a character is 
handed down by a breed, the more fully it will be con- 
tinued in transmission. Discussing some of the cases, he 
says (le, 2:37): 


In none of these nor in the following eases, does there appear to be any 
relation between the force with which a character is transmitted and 
the length of time during which it has been transmitted. 


The basis for such a view, that the longer a breed is 
handled and the more it is selected, the more homozygous 
it becomes, was not scientifically known in Darwin’s time, 
but Darwin actually perceived that the mere repeated act 
of selection itself, whatever else might be involved, would 


No. 629] DARWIN AND HYBRIDIZATION 551 


not increase the potency of transmission, or eliminate be- 
yond question the liability to reversion. 

Darwin considered it doubtful whether, as was then 
popularly supposed, the length of time during which a 
character had been inherited, had any influence on its 
fixedness, and concluded from the fact that when wild 
species which have remained so for ages, are brought into 
cultivation, they immediately begin to vary, that no char- 
acter by long inheritance can be considered as absolutely 
fixed (le, 2:56). ' 

In this work, more than elsewhere, Darwin devoted 
himself particularly to the question of the meaning of 
inheritance in hybrids. The question always demanding 
explanation was the reason for the reappearance after 
the first generation of a-hybrid of a parental, or even of 
an ancestral form, a phenomenon then called ‘‘rever- 
sion,’’ including, as Darwin says: 


all eases in which an individual with some distinguishable character, a 
race or species, has, at some former period been crossed, and a char- 
acter derived from his cross, after having disappeared during one or 
several generations, suddenly reappears (le, 2:2). 


Darwin, at the outset, merely comments on the result 
of crossing as follows: 


In considering the final result of the commingling of two or more breeds, 
we must not forget that the act of crossing in itself tends to bring back 
long-lost characters not proper to the immediate parent form ( le, 
2: 64). 


It was noticed that from three to eight generations 
were usually required before a breed derived from a 
cross comes to be considered free from danger of rever- 
sion. What constituted the machinery to bring about re- 
version remained, but for Mendel’s as yet undiscovered 
researches, absolutely unknown. The state of knowledge 
in that regard is well exemplified by Darwin’s remark, 


That the act of crossing in itself gives an impulse towards reversion, as 
shown by the reappearance of long-lost characters, has never, I believe 
been hitherto proved (le, 2:13). 
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Darwin recognized, as did most of the breeders before 
Mendel, that 


As a general rule, crossed offspring in the first generation are nearly 
intermediate between their parents, but the grandchildren and succeed- 
ing generations continually revert in a greater or lesser degree, to one 
or both of their progenitors (le, 2:22). 


From cases of intermediacy, Darwin proceeds to dis- 
cuss what we should call cases of dominance, and finally 
cases in which the offspring in the first generation are 
neither intermediate nor uni-parental in type, but in 
which there is vegetative splitting, or somatic’ segre- 
gation: 


In which differently colored flowers borne on the same root resemble 
both parents, . . . and those in which the same flower or fruit is striped 
or blotched with the two parental colors, or bears a single stripe of the 
color or other characteristic quality of one of the parent forms 
(le, 2: 69). 


It is interesting to see how Darwin now undertook, in 
the absence of experimental evidence, to devise a scien- 
tific solution for the reappearance of parental characters 
in the second generation of the offspring. Taking Nau- 
din’s idea of segregation or ‘‘disjunction’’ of the ele- 
ments of the species, he concludes as follows: 


If... pollen which included the elements of one species happened 
to unite with ovules including the elements of the other species, the 
intermediate or hybrid state would still be retained, and there would be 
no reversion. But it would, as I suspect, be more correct to say that 
the elements of both parent species exist in every hybrid in a double 
state, namely, blended together and completely separated (le, 2:23). 


The above paragraph comes more nearly being a state- 
ment of the true nature of the hybrid or heterozygote con- 
dition as Mendel’s analysis has revealed it, than any other 
account hitherto published. 

Combining this with the following statements, we have 
very nearly the same idea which Mendel’s theory in- 
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volves, based, however, upon Darwin’s theory of pan- 
genesis, whereby each cell was supposed to throw off 
‘‘gemmules’’ which carried the characters to the repro- 
ductive cells. He says: 


The tendency to reversion is often induced by a change of conditions, 
and in the plainest manner by crossing. Crossed forms of the first 
generation are generally nearly intermediate in character between their 
two parents, but in the next generation the offspring commonly revert 
to one or both of their grandparents, and occasionally to more remote 
ancestors (le, 2: 383). 


Darwin then assumes that in the hybrid there exist 
two kinds of ‘‘gemmules’’ or character-carriers; viz., 
pure gemmules from each of the two parent forms, and 
combined or hybridized gemmules as well, and proceeds 
in the following statement, to give about as clear an ac- 
count as we have to-day, of the cause for the reappear- 
ance of the parental or homozygote forms. 


. when two hybrids pair, the combination of pure gemmules de- 
rived from the one hybrid with the pure gemmules of the same parts 
derived from the other would necessarily lead to complete reversion of 
character, and it is perhaps not too bold a supposition that unmodified 
and undeteriorated gemmules of the same nature would be especially 
apt to combine. 

Pure gemmules in combination with hybridized gemmules would lead 
to partial reversion, and lastly, hybridized gemmules derived from both 
parent-hybrids, would simply reproduce the original hybrid form. All 
these cases and degrees of reversion incessantly oceur (le, 2: 383). 


The latter statement is virtually a statement of the con- 
dition of things in heterozygosis, in principle as we have 
it to-day. If we assume the ‘‘hybridized’’ gemmules to 
represent the ‘‘Dr.’’ combination, we have the necessary 
substitution. 

Darwin’s theory was a natural corrollary to his doctrine 
of pangenesis. It seems strange that with Naudin’s idea 
of disjunction in hand, and with the phenomenon of segre- 
gation in peas, noticed by five observers, all of whose ex- 
periments Darwin remarks upon, that Darwin did not 
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himself perform Mendel’s experiment. However, it is a 
manner of special interest that @ priori, in the absence of 
experimental data, he should have come as near the prin- 
ciple of the Mendelian explanation as the above passages 


indicate. 
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SHORTER ARTICLES AND DISCUSSION 


DOES EVOLUTION OCCUR EXCLUSIVELY BY LOSS OF 
GENETIC FACTORS? 


In an extremely interesting article, Professor Duerden! has re- 
cently discussed certain aspects of evolution in the light of obser- 
vations on ostrich farming. He shows that as regards most char- 
acters the germ plasm of the ostrich is remarkably stable and yet 
that quantitative variation as regards wing and toe characters is 
occurring and is being utilized, in particular for a gradual ameli- 
oration of the valued plume characters. He believes that the 
quantitative variation in question has a factorial genetic basis, a 
view which I see no reason to question. He holds that repeated 
selection may probably extend the existing range of variation 
downward, but not upward. In this last conelusion I can not 
eoneur. It rests, I believe, on too close adherence to the ‘‘pres- 
ence-absence hypothesis.’’ It assumes that minus variation 
occurs only by loss of factors and further that factors once lost 
ean not be recovered. I do not think that either of these assump- 
tions will bear critical examination. Morgan has recorded, in 
Drosophila, the occurrence of a reversed mutation by which col- 
ored eyes were recovered in a white-eyed race, and on this ground 
has questioned the validity of the entire presence-absence hy- 
pothesis. I have found that in the piebald patterns of rats and 
rabbits steady progress may be made by repeated selection in 
changing the racial average either in a plus or in a minus direc- 
tion. Genetic changes affecting the extent of the pigmented 
areas are clearly of frequent occurrence in such eases, precisely 
as they are in the case of number of remiges in the ostrich wing, 
but there is no indication that the changes are exclusively in a 
minus direction, as Duerden assumes them to be in the ostrich. 
He has observed variation in the number of plumes on the ostrich 
wing ranging from 33 to 42. He assumes that the variation can 
probably be carried below 33 by selection, through cumulation of 
loss variations by dropping out of factors, but that variation in 
the opposite direction is not to be expected because 42 is the 
present maximum and factors for a higher number having once 
been lost can not be recovered. Of course, the thing to do in order 
to test the validity of this view is to give it an experimental trial, 


1Duerden, J. E., ‘‘The Germ Plasm of the Ostrich,’? Amer. Nat., 53 
p. 312. 
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and this, no doubt, Duerden is already doing. If the 42-plumed 
cock has descendants with a higher plume number than 42, the 
theory will have been disproved, which would undoubtly be 
highly pleasing to Duerden because it would give him a more 
hopeful basis for economic work. Now my own experimental 
work with loss-variations leads me strongly to hold the more 
hopeful view, that genetic changes are plus as well as minus, even 
in the case of structures which are in course of phylogenetic de- 
generation. 

The degenerating lateral digits of the guinea-pig’s foot? pre- 
sent a case parallel with those of the degenerating wing and the 
degenerating fourth toe of the ostrich. The guinea-pig, like all 
wild species of the genus, Cavia, has lost altogether the first of the 
five typical digits, and has lost the fifth digit from its hind foot, 
but not from the front foot. Some years ago I discovered a 
guinea-pig which had an imperfectly developed fifth digit on one 
hind foot. Neither of its parents had a fifth digit on either hind 
foot. This fact alone shows the possibility of plus fluctuation in 
a degenerate organ. The polydactylous individual, a male, was 
mated both with related and with unrelated females. By the 
former, he had 13 polydactylous and 32 normal individuals; by 
the latter he had 2 polydactylous and 30 normal individuals. 
This result showed that normal females related to the polydactyl 
male, even though themselves normal, transmitted a factor or 
factors favorable to the production of the fifth toe, since more of 
their offspring were polydactyl than of the offspring of ordinary 
females, when both sorts were mated to the same polydactyl male. 
Breeding the polydactyl offspring together and continuing the 
race by selecting those individuals which had the best developed 
toes (purely somatic selection), a race was secured within four 
generations which produced regularly 90 to 100 per cent. of 
polydactylous young. The race was continued for several years 
and showed no signs during this period of returning deterioration. 

In this case we have an example of plus fluctuation in a char- 
acter supposed to have been completely lost from the genus, Cavia, 
yet which, having shown itself sporadically and feebly in a single 
individual, was recovered and fully established as a racial char- 
acter by the practise of inbreeding and selection on a purely 
somatie basis. 

The first digit has, so far as I know, never been observed to 


2 Castle, W. E., ‘‘The Origin of a Polydactylous Race of Guinea-pigs,’’ 
Publication No, 49, Carnegie Inst., Washington, 1906. 
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occur in the genus, Cavia, except in the case of a single individual 
born in one of our experiments. As this individual was still- 
born we had no chance to experiment further in the case, but the 
occurrence shows that degenerating characters are not of neces- 
sity lost for all time when they have ceased to have somatic ex- 
pression in the race. I am therefore hopeful that Duerden will 
live to see not only other 42-plumed ostriches but also those which 
are 45-plumed or possibly even better, if selection for high num- 
ber of plumes and inbreeding are persistently practised. 

One point is worth noticing, which Duerden does not especially 
emphasize, though it is highly suggestive. He notes the advanced 
state of degeneration of the ostrich foot (presumably through 
irrecoverable loss of factors) as seen in the complete disappear- 
ance of digits 1, 2 and 5, and the greatly reduced size of digit 4, 
which leaves the ostrich with practically a single functional toe 
(digit 3), this being among birds an unparalleled amount of 
digital reduction. He concludes ‘‘Should the loss of plumage 
continue to a much further degree and marked degenerative 
changes be set up in the big middle toe, natural selection may then 
be expected to bring about extinction.’’ This, it seems to me, is 
a needlessly gloomy view of the case. The fact that the middle 
toe is ‘‘big’’ contradicts the idea that it will soon degenerate as 
the other digits have done. If evolution oceurred only by loss 
and never by gain, the middle toe could never have grown ‘‘big.”’ 
But in reality it has probably grown as the other digits have dis- 
appeared. If so, factors must have been added to the genetic 
complex, or plus factorial changes must have occurred by some 
other means. Reduction in number of digits does not necessarily 
mean degeneration. Note the parallel evolution of the horse. 
Does any one consider it degenerate? Yet in the horse digital 
reduction has gone even farther than in the ostrich and for a like 
reason, increasing perfection of a cursorial type, for which one 
good toe is better than three or five ordinary toes. Increase in 
body size has occurred in both horse and ostrich coneurrently 
with digital reduction. It too has doubtless improved the cur- 
sorial type, increasing its swiftness. Thus in the horse and in the 
ostrich we have the culmination of cursorial types among mam- 
mals and birds respectively. Each is highly specialized, but not 
on that account degenerate or verging on éxtinetion. Extinction 
will come for each when man says the word but not sooner, so far 
as we can foresee. Great specialization or great phylogenetic age 
does not of necessity mean early extinction, if we may judge by 
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the geological history of brachiopods, echinoderms and mollusks. 
If a suitable environment continues, the specialized organism may 
continue indefinitely. The idea that genetic variation occurs only 
in one direction and is irreversible is widespread, but needs sub- 
stantiation before we accept it into a category of fixed ideas. The 
world indeed may wait long to see again a four-toed horse, but 
the reason probably is that we already have a better type in the 
one-toed horse, which replaced the former, because it was better, 
not because it was degenerate. If selection, natural or artificial, 
saw at the present time a distinct advantage in a polydactylous 
horse, it is quite possible that the type might once again be pro- 
duced. The animal breeder would ask only such a start as was 
seen in Cesar’s three-toed steed, to produce a race of polydactyl 
horses. W. E. Castie. 
Bussey INSTITUTION, 
Forest H1LLS—BostTon, Mass., October 1, 1919 


ANOMALOUS RATIOS IN A FAMILY OF YELLOW MICE 
SUGGESTING LINKAGE BETWEEN THE GENES 
FOR YELLOW AND FOR BLACK 

DvrING the course of an experiment involving the breeding of 
yellow and non-yellow varieties of mice certain anomalous ratios 
were produced by a family of yellow mice. Since an explanation 
of these facts brings out considerations regarding yellows which 
have not been treated in the literature of the subject, it seems 
well to put the case on record. 

The peculiar family originated in a cross of black-and-tan (a 
very dark form of yellow) with brown. F, consisted of blacks 
and yellows. The blacks when tested proved to be heterozygous 
for brown and showed in their subsequent generations no pecul- 
larities of inheritance. The F, yellows should theoretically have 
been heterozygous for both black and brown for, 

Let YyBB==black-and-tan parent (yellow carrying black) 
and yybb = brown parent; 

Then F, should consist of yellows, YybB, and blacks, yyBb. 

These F, yellows were back-crossed to pure browns, 

The progeny distribution to be expected would be as follows: 

The F, yellow parent, YybB, would form gametes, YB, Yb, 
yB and yb. 

The brown parent, yybb, would form only one type of gamete, 
viz., yb. The expected zygotic combinations would be 

The yellow young obtained from this back-cross should be of 
two genotypes, YyBb (carrying both black and brown) and 
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(1) 
YyBb, Yybb yyBb yybb 
Percentage expected ................ 50 25 25 
Percentage observed ................ 53.6 28.6 17.7 


Number observed...............00005 88 47 29 


Yybb (carrying brown only). Two were selected for breeding 
to determine in which genetic class each belonged. If both mice 
were YyBb we should expect 


2 YyBB 1 yyBB 1 yybb 
2 Yybb 
(2) 4 YybB 2 yyBb 
8 yellow 3 black 1 brown 
If both mice were Yybb, we should expect 
2 Yybb 1 yybb 
(3) 2 yellow 1 brown 
If one mouse were YyBb and the other Yybb, we should expect 
2 YyBb 1 yyBB 1 yybb 
(4) 2 Yybb 
4 yellow 1 black 1 brown 


The actual figures from this mating were (616 « 766) 14 
yellow, 4 brown. This result resembles most closely that to be 
expected if both parents were Yybb. If such were the ease, all 
of the yellows should carry brown only, never black. To test 
them, two of the 14 yellows were mated with each other 
(2160 2162). They produced 18 yellow, 1 black and 10 brown 
young. To account for the black young, we must suppose one 
or both parents (2160 and 2162) to have been heterozygous for 
black and hence that one of the yellow grandparents (616 or 
766) earried black. Black young should have resulted from 
their mating with each other but failed to do so. Black young 
were also deficient in the mating of their descendants, 2160 and 
2162. The ratio observed among the progeny of 2160 and 2162 
indicates that one of them carried black rather than that both 
of them did, for the expectation if both parents carried black, as 
in (2), fits even more poorly than the expectation if only one 
parent carried black, as in (4). The deficiency of black young 
in the mating of 2162 and 2160 is shown by the percentage of 
various young observed and expected : 


Yellow Black Brown 
Per Cent. expected........... 66.6 16.6 16.6 
Per Cent. observed .........+. 62.0 3.4 34.5 
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Of the yellows resulting from this mating six when tested 
proved to be heterozygous for black as well as brown, while four 
carried brown only; and of the yellow young resulting from 
these tests four were shown to carry black and brown, while 
three carried brown only. Equality of yellows carrying both 
black and brown and of yellow carrying brown only was ex- 
pected in contrast with the observed ratio-of 10 carrying black 
and brown to 7 carrying brown only. 


CONCLUSIONS 

In the case reported the occurrence of black and brown reces- 
sives out of crosses between yellows carrying both black and 
brown is the reverse of that expected because brown (normally 
recessive to black) has appeared in a frequency more than double 
the expected, and black has appeared in a frequency less than 
one third of the expected. 

There are three theories which might explain these facts. 
(1) Reversal of dominance resulting in the dominance of brown 
over black. This may be discarded because the brown young in 
this experiment were found not to carry black. (2) Selective 
fertilization by means of which brown gametes united with brown 
gametes in more than normal frequency. There is known at 
present no mechanism for such a type of fertilization nor have 
any eases of it been shown to occur. (3) Linkage of the genes 
for yellow and black so that YB and yb gametes are formed more 
often than yB and Yb gametes. Since in the above matings 
black animals could only result from a combination of yB with 
vB or yb the result of a linkage of Y and B would reduce the 
number of blacks produced. This is substantially the result 
obtained. 

Of the three theories the last is favored because it affords a 
satisfactory explanation of the observed facts in harmony with 
other cases of linkage, and because it is more readily susceptible 
of proof or disproof. It encounters the difficulty of positing a 
linkage between two genes, one of which (yellow) is either iden- 
tical with or closely linked to a lethal gene and the other of which 
has hitherto shown no evidence of being related to the lethal. 

It is hoped that more data on the subject will be forthcoming 
which will show whether the foregoing case is exceptional and due 
to random sampling or whether the genes for yellow and for 
black are commonly linked in the gametes of mice. 

L. C. DuNN 


Bussey INSTITUTION 


No. 629] SHORTER ARTICLES AND CORRESPONDENCE 561 


GENETICS AND EVOLUTION IN LEPTINOTARSA 

IN considering work of the kind presented by Professor Tower 
in his latest partial report on Evolution in Leptinotarsa (Tower, 
1918) it is necessary, in justice to the author, that we distin- 
guish carefully between three different things: the actual experi- 
mental work, the author’s interpretation of its results, and his 
general speculations. Professor Tower had secured an unusually 
favorable opportunity for attacking his problem, by a fortunate 
selection of material. The ‘‘lineata’’ group of the genus Lepti- 
notarsa comprises a large number of forms generally recognized 
as ‘‘good species,’’ highly variable, crossing freely, often in- 
habiting markedly different environmental complexes, and easily 
bred in the laboratory. His work represents a prodigious amount 
of painstaking labor, covering many years, under most favor- 
able conditions. It will be a matter of regret to many that so 
large a proportion of this volume has been devoted to very gen- 
eral speculation, rather than a more complete presentation of 
the large mass of interesting data which he has accumulated. 

Considered as a contribution to genetics, there is ample con- 
firmation, but nothing added, to what we already know, though 
much that was unknown at the time this work was started. The 
results of his extensive breeding experiments—including seleec- 
tion, intraspecific and interspecific crossing—show nothing, as 
the author clearly points out, that is not perfectly Mendelian 
and in accord with the factorial hypothesis. This portion of the 
work is valuable, at least, as added refutation to the idea that 
there is anything different involved in species crosses than in 
intraspecific crosses. 

One or two of the experiments, however, give results that seem 
somewhat anomalous; and it is on these that the author has 
attempted to build far-reaching hypotheses considerably at vari- 
ance with those held by other geneticists. The most striking 
ease, perhaps, is in connection with the crosses L. signaticollis X 
diversa and L. signaticollis X undecemlineata. These crosses, 
when made with material which had been bred in the laboratory 
for several generations, gave normal Mendelian ratios (mono- 
hybrid in the one ease, trihybrid in the other). Certain strains 
of signaticollis ‘‘fresh from nature’’ gave, however, in these 
crosses, very complex and variable arrays. Crossed with diversa, 
for example, there appeared in F,, besides the ordinary hetero- 
zygote, breaking up normally in F,, a varying number (0-100 
per cent.) of forms apparently pure signaticollis, which bred 
true in all subsequent generations. 
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These experiments, to this point, had been previously pub- 
lished by the author (Tower, 1910). Further work on this 
apparently true-breeding race, however, has served to modify 
the earlier.conclusions as to its composition and behavior. Care- 
ful measurements showed that this apparently pure signaticollis 
race behaved normally as regards the form-index (relation of 
width to length), a specifie character never dissociated, in other 
experiments, from the conspicuous pattern difference involved. 
Numerous experiments with this peculiarly behaving hybrid 
failed, with one exception, to find any evidence of the diversa 
pattern factor present. Individuals of this race having the 
diversa (broad) form, crossed with one particular strain of sig- 
naticollis, gave in F,, four homozygous forms: pure signaticollis, 
the peculiar true-breeding hybrid (diversa form with signatt- 
collis pattern), pure diversa, and a new form, with a different 
pattern. These appeared in the ratio of 4:2:1:1 (actual num- 
bers not given), with the corresponding array of heterozygotes. 

At first sight, all this seems easy to account for: one or both 
of the parents in the original cross were heterozygous for one or 
more factors. The actual results, however, can not be accounted 
for, according to any known genetic principles, on the basis of 
the facts given. There are many things at every stage of this 
work, which we should like to know, about which we are told 
nothing. The author states that the original parents were ‘‘not 
heterozygous,’’ but no evidence of any genetic analysis is given. 
In fact, the author declares more than once that he is-not inter- 
ested in ordinary Mendelian analysis, implying that it is unim- 
portant. We do know that one, at least, of these parents was 
‘*fresh from nature,’’ that is, genetically an unknown quantity. 
The author himself shows very completely, in later chapters, that 
these species, as found in nature, are genetically very hetero- 
geneous. He also emphasizes that the results here obtained can 
probably not be repeated with material from other locations or 
even from the same location at other times. Again, we know 
nothing of the genetic constitution of the signaticollis strain 
used in the ‘‘test reaction’’ where typical diversa is recovered ; 
except that only this particular strain will give these results. 
The F, array in this case shows that there are at least two factor- 
differences involved, while there is only one in the ordinary cross 
L. signaticollis < diversa. Other crosses, which will immediately 
suggest themselves as bearing on the problem, have not been 
made or are, at least, not mentioned. 
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Above all, it is to be regretted that in none of these experi- 
ments have any definite pedigrees been given, nor the methods of 
mating in the various stocks. The tables, moreover, are in most 
eases merely summaries, the original and complete data not 
being presented. It may well be that the full data and pedigrees 
of all the author’s extensive experiments would be too bulky for 
publication; but in view of the fact that on this particular 
series only is based any claim of modification or addition to 
genetic theory, the raw data and pedigrees might profitably have 
been included, even to the possible exclusion of a part of the 
discussion. 

Under these circumstances, no attempt can be made at an 
analysis by ordinary genetic conceptions. This whole experiment 
illustrates perfectly the real basis of the familiar distinction 
(implied also by the author in this volume) between results ob- 
tained ‘‘in the laboratory’’ and ‘‘in nature.’’ The real differ- 
ence, as well shown in this case, is merely one between working 
with known materials under controlled conditions and uncon- 
trolled operations with unknown things. 

This particular experiment has been reviewed at length, be- 
cause it is, apparently, solely upon it that the author bases a 
large amount of rather far-fetched speculation on the ‘‘archi- 
tecture of the germinal material,’’ and the influences of the ‘‘sur- 
rounding medium’’ and the effects of crossing upon it. His 
interpretation of the results involves at least four independent, 
and distinctly undemonstrated, assumptions: (1) that the ob- 
served results are due, immediately, to a (reversible) change in 
the relations of the genetic factors to each other; (2) that these 
changes are the direct result of the crosses; (3) that these partic- 
ular strains of signaticollis owe this peculiar behavior to the 
direct effect of (cumulative) environmental influence on the rate 
of ontogeny; and (4) that the results are profoundly and perma- 
nently modified by the environmental conditions surrounding 
the parents of the original cross during the maturation of the 
particular gametes involved. 

It is needless to state that none of these hypotheses derives any 
support from the experience of other geneticists; the only evi- 
dence adduced by the author is that above described. The first 
of these hypotheses is entirely inconsistent with all that we know 
_ of the phenomena of linkage; if there is anything certain about 
genetic factors, it is that they do not change their relations to 
each other. The second hypothesis is evidently reminiscent of 
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the pre-Mendelian conception that something new is produced by 
the act of hybridization. 

In his third hypothesis, the most characteristic and the most 
involved of this group, there seems to be some confusion in the 
mind of the author himself as to whether the environment has 
produced its effect directly upon the gametes, or through its 
modification of the rate of ontogeny. The latter, however, is 
clearly implied in several places. But, beyond speaking of hypo- 
thetical and rather vague ‘‘cytoplasmie determiners,’’ he makes 
no attempt to even postulate a mechanism by which the rate of 
ontogeny—in this ease clearly, on the evidence, a somatic modi- 
fication, directly dependent on temperature and moisture—can 
effect genetic changes in the germ-plasm. In regard to the direct 
effects (immediate or cumulative) of environmental conditions 
upon the gametes, of which the author makes much throughout 
his work, it can only be said that, however inherently probable 
this hypothesis may be, there is no evidence for it in the present 
work that will be acceptable to most geneticists. For the attempts 
to distinguish between genetic and environmental factors are, 
in this case, invalidated by an entirely inadequate analysis of 
the former. The author assumes, throughout the work, that he 
is dealing with materials of known genetic constitution ; but this 
is obviously, on his own evidence, not the case. In the absence of 
a more complete genetic analysis of the materials, there is no 
valid reason to assume that there is anything involved beyond the 
ordinary recombination of factors originally present. 

Another anomalous result is found in the cross of L. decem- 
lineata < diversa. These species cross with difficulty; in only 2 
eases out of 200 attempts was the cross successful. In both these 
eases (decemlineata 9 * diversa %) the F, beetles showed all the 
external characters of the mother, but the food choice and devel- 
opment rate of the father. This hybrid bred true indefinitely, 
showing no splitting up in F,, or subsequent generations. This 
kind of ‘‘stable hybrid’’ is familiar to us, from pre-Mendelian 
literature, but has never withstood the test of rigorons Mendelian 
and eytological investigation. Such a result can be produced 
deliberately, where the gametie constitution of our materials has 
been thoroughly analyzed, by means of ‘‘balanced lethals.”’ 
Should the present case be confirmed, and the numerous sources 
of error eliminated, this explanation will undoubtedly be found 
to cover it also. The possibilities of contamination or partheno- 
genesis should, however, not be overlooked in such eases. 
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In connection with his selection experiments, the author has 
unfortunately adopted the theory of ‘‘germinal variations’’ (7. e., 
modifiability of the genes) since abandoned by its principal pro- 
ponent. Tower’s evidence, like all the other evidence for this 
theory, is based on a very evident confusion of biotypes with 
phenotypes, and an apparent failure to recognize the vital im- 
portance of rigid brother-sister mating in such experiments. In 
the same experiments, the author finds a very complete refutation 
(in this ease, at least) of his own favorite theory of the direct 
influence of the environment. In contrast to these indecisive or 
negative results, there is at least one very beautiful and unques- 
tionable demonstration of the effect of modifying factors (here 
called ‘‘genetic impurities’’). Of the three methods by which he 
attempted to limit the range of variation in the form-index of a 
certain ‘‘biotype’’ (as he ealls it) of L. multiteniata—namely, 
control of the environmental complex, ordinary selection of ex- 
tremes, and selection of an obvious modifying factor—only the 
latter gave definite and permanent results. When certain indi- 
viduals, showing a peculiar variation in pronotal pattern, were 
selected and bred for this character, there was an immediate and 
permanent reduction of the form-index variation to less than 
half its former range. 

The most interesting and startling contribution made in the 
author’s earlier report (Tower, 1906)—the production of muta- 
tions in L. decemlineata by temperature and humidity, combined 
with selection—is not again referred to in the present paper. In 
regard to the supposed effects of these external conditions in the 
present work—granting, in the absence of the details of his tech- 
nique, that the author has been more successful than any other 
worker in the exact control of humidity and evaporation-rate, 
there is no evidence, which will be satisfactory to most geneticists, 
that these factors had anything to do with the results observed. 

The results of the author’s extended observations and experi- 
ments with these same materials ‘‘in nature,’’ while generally in- 
conclusive, like all such experiments, are in complete harmony 
with the general conception of the processes of evolution held by 
the modern adherents of the factorial hypothesis. The picture 
we get of the conditions in this group of organisms is one of com- 
plex genetic constitution, differing greatly in different localities, 
_ resolvable entirely into simple Mendelian factor-differences, a 
probable selective effect of environmental complexes, with a 


direct modifying effect of temperature and moisture actually 
demonstrated only as regards the rate of ontogeny. 

With regard to the general philosophic speculations of the 
author, which occupy a large portion of this volume, little need 
be said, as this sort of thing is largely a matter of taste. The 
author states very unmistakeably that his viewpoint is purely 
mechanistic, but there is much that will scarcely be accepted as 
such by most mechanists. For instance, his list (p. 6) of the 
‘Categories of Organic Characteristics’’—(1) ‘‘Specifie Prop- 
erties or Qualities,’’ (2) ‘‘Attributes’’ and (3) ‘‘Conditions’’— 
will be regarded with suspicion by those to whom metaphysics is 
the béte noir of biology. The same may be said of his aversion 
to ‘‘particularistic’’ theories of heredity. His objections, like 
most other recent ones, are based on a supposed identification of 
the gene with a somatic 
guilty, to an extraordinary degree, of such a confusion in his 
‘‘secheme of classification of the agents of the germ plasm’”’ 
(p. 86), where his hypothetical factors are classified entirely ac- 
cording to their apparent somatic effects. This scheme is also 
dominated by the 
‘“hasie’’ characteristics of the race are transmitted through the 
eytoplasm, only trivial characters through the chromosomes and 
capable of dissociation from the 

On the whole, it may be said that Professor Tower has con- 
vineingly demonstrated the truth of his fundamental premise, 
that ‘‘the general philosophical conceptions from which we 
interpret nature will largely determine the logical, philosophical, 
and experimental methods used in investigation and the hypoth- 
eses created.’ C. R. PLUNKETT 
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unit character. Yet he is himself 


organism as a whole’? dogma—that the 


‘“species complex.’ 
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